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OPINIONS OF DISTINGUISHED OHEMISTa 

From Jab. R. Chilton, M. D., Cktmitt. 

I have examined the Chemical Chart of Mr. EL L. Yoamans, and 
am much pleased to saj that it is a yaloable means of readily im- 
parting a correct knowledge of the nature of chemical oombinatioDSL 
A variety of compounds are dissected, so as to show at a glance their 
ultimate atomic constitution, in sudi a way as to impress it more 
forcibly upon the mind than eould be effected by any other method 
with whidi I am acquainted. To those who are studying to obtain 
a knowledge of elementary and agricultural chemistry, as well as to 
all learners of chemical science, Mr. Youmans' Chart will render easily 
understood what might otherwise i^pear yery difficult 



From Benjamin Siluman, LL.D., 'Professor of Chemistry in Tale 

College. 

I have hastily examined Mr. Youmans* new Chemical Diagrams, 
or Chart of chemical combinations by the union of the elements in 
atomic proportions. 

The design appears to be an excellent one. It conveys to learners 
the idea of chemical combinations by connecting tho elements by 
right lines with the compounds which they produce. Colored squares, 
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2 OPUnOXS OF DISTINGUISUKD CHEMISTS. 

difTcrently colored in tbe different ca«ef«, are employed to represent 
the elcnientf*, and j>rojxjrtion in area indicates tlieir relative combin- 
ing w<figljt. It hhould \Ai remembered tbat the area of the squares 
Liui no reference to volume but fcimj)ly proportionate weights. 



From Da. Joux W. Draper Pro/^sxor of Chemistry in the University 

of yeuo York, 

Mr. Youman«* Chart seems to me well adapted to a>mmunicate to 
fjej^innerH a knowledge of the definite combinations of chemical sub- 
litanceH, and as preliminary to the uf»e of symbols, to aid them very 
much in recollecting the examples it contains. It deserves to be in- 
troduced into tbe scbooli. 



Frutn Jamem B. Rogers, Professor of Chemistry in tfie University of 

Pennsylvania. i 

I cordially subscribe to the opinion of Professor Draper concerning 
the Talue to beginners of Mr. Youmans' Chemical Chart 



Frmn W. F. Uopkinis Professor of Natural and Experimental Phi- 
losophy in the U. 8. Naval Academy, Annapolis^ JId. 

Having given to the Cliemical Chart of Mr. K L. Youmans such 
an exuminaii«)n as my small leisure pemiitte<l, I cheerfully state my 
c«niviction that its pliui is admirably adapted to assist the teacher in 
oommunicating, and the learner in receiving, correct notions of the 
laws of chemical combinatioa 

I commend it to the patronage of schools and academies where 
chemistry is taught, and sliall immediately introduce it into the in- 
stitution with which I am connected. 

We liavc also examined Mr. Youmans' Chart, and very cheerfully 
concur m the fbrogohig ojjinion of Professor Hopkins. 

John Torrey, 
Professor of Chefnistry in th£ College of Physicians and 
Surgeons^ New York. 

William H. Ellet, 

Late Professor of Cfteinistry in Columbia College^ 8. 0, 
(BEE CLOSE OF THE VOLUME.) 
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PREFACE. 



The present yolume is designed as a popular introduction to the 
study of Chemistry. It aims to present the subject in such a manner 
as to win the attention and engage the interest of beginners, and is 
especially adapted to the wants of that large class, both in and out 
of school, who would like to know something of this interesting sci- 
ence, but have neither leisure nor opportunity to pursue it in a de- 
tailed and experimental way. As such will necessarily be more 
concerned to know what facts, principles^ and results have been ar- 
rived at by chemical research, than to trace the routes by which, thej 
were readied, or the operations by which they may be confirmedt 
the following pages will be found chiefly occupied with ibe explana- 
tion of established principles, and their application to the most prae- 
tical and £Euniliar affidrs of comuKm life. 

The department of Physiosy whidi^oonsiders light, heat, electricity, 
and magnetism, has been left to Natural Philosophy, where it prc^ 
erly belongs and is always treated. Its introduction into Chem- 
istry ittvolyes a repetition of topics in the two branches of study ; 
and, in a yolume of moderate size, it crowds out much useful matter 
which ought, on no account, to be spared. A knowledge of these 
agents is of course important to the chemical student, but so is that 
of mechanics and mathematicfl. In leaving each to its appropriate 
teacher, the example of some of our latest and best authorities has 
been followed. Descriptions of those chemical substances which are 
not frequently met with, as the rarer metals, are entu-ely omitted, 
and directions for making experiments have been much condensed. 
Experimental demonstrations, if not resorted to merely to captivate 
the senses by their alluring brilliancy, are highly useful ; but they 
are always accompanied by the oral instructor, and should therefore, 
to a great extent, speak for themselves. It is entirely impossible 

1* 



6 rKri^Avs:. 

in the j"n?«n; a.!vir*>:vl *:ji:o ;:* :Sf sri^aok*. ^o er-irnov ji a w*pQ" 
lar s-'li-y-'-Kx-k S^;h '/r-*; :: :" rr.uj.: -r. ^'■. v.--.-. '.r:j.r-;r>. ^v :!«?rLL!T re- 

like oliariH:** :ho a-jltu*: imt: tkhuv. cjtv ,:-■:'. c»^ v".j.v> u: i^i- <obe£ae 
01 naiure. :: has' Sv;: tev.^-N?Arv t.^ jkVf;.-ct* "-V ivWcr.: of :ie TaLr:o<» 
prvveac!^?* bv wrich :: :v-av S* rrx'.vtrvvl WV.^rv *x;vr*:u«"aisi an? 
given, the lectiirvr -wiU supply :h» braach ci i&^trx'Ch^ ; 'wberv iber 
are not to be had. it i» superduoujk. 

Space ha» been thus ai!c«vied to cvxv!^.:er the pnk':x*al arJ. u;j«f'^l ap- 
plications of the Kience. in vhich all arv uitere5:e\i v:th greater iuIems 
than is customarv in text-U.vks ky st.'h^x^Is. Or^asiiO Oiu'sittUx, Knh 
vegetable and animaL embracuu: ciuoh oi a^i<'ul:ure. docH^»ue pro- 
cesses* dietetics^ the physiouyx of dv4>:5t:v>n ar:d rvs(^raixYv Tontila- 
tiivi. the effects of alcv^4 uyx«i the husrjLU sysiesu. and the rvlatkw 
of the vegetable and animal v^vld to each ^^h^'T. aud to the atnxik 
phere, has been Ivooght forvarvi i:i:o that ivx^iuuKieiKV vhkh its ob- 
vious importance denumds. If there shiHiUi even K? 6H:iki r>f {^^ titMO 
upon some of these points, the excuse must Nf a desirv to impc«« 
certain great principles deeply up^^n the n\iud. rather than u> encum- 
ber it vith a mass of details, which, in nK\»t cases^ are &>r^^ten as 
quicklv as they are acquired. By treatii^ of £uuiUar thiiurs. and 
presenting £M:ts and truths alike raluaUe aiKl entertaiiiiiv:. in a style 
free, as &r as possible, from tt'^huicalities vui the iwe hand an^i puer- 
ilities on the other, the author has einleaviVXHl to ailapt the work to 
fireside reading as well as dass-roi^m study. 

There is an idea prevalent that Ohemistrv is <«o v>f th^^se drv and 
difficult subjects which belong exclusively to prv^ossv^rs and Uvtur^ 
rocxns, and which cannot be invested with popular uitorest, ^y suc- 
cessfully taught as a brandi of common educatK^n. How a science 
which gives law to nearly all the processes of haman industry, con- 
nects its operations with our daily experience, involves the ci>ndituYis 
of life and death, and throws li^^t upon the sublime plan by which 
the Creator manages the world, can be regarded as lacking the ele- 
ments of universal interest, it is not easy to imagine. That it is gen* 
erallj looked upon as difficult, may be readily accounted fiv. llie 
■cienoe is so recent in its development, and diemists have been so 
mnch occupied in the field of original research, that but htUe has 
been doiie to popularize it Books adapted to elaborate oouraes of 
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INTRODUCTION. 



The importance of a knowledge of ChemistiT to each 
pers<Hi, its yalue to TaiioDS classes of society, and the ne- 
cessity of making it a fandamental bianch of popular edn- 
cation, will be apparent from the following oonadezatioDS. 

The physical system of every hmnan bekig may be looked 
upon as a chemical labontonf^ in which exactly the same kind 
of changes are carried on as are prodnoed by the working 
chemist in his shop, and by means of similar instroments ; 
the main difference hang^ that here, as ebewhere, the ope- 
rations of Jt^ are coarse and bmigliiig oompared with the 
matchless perfection of nature. Ilie chemist finds it neoes- 
sary to dissolve all solid subatanoes ; that is, to faring them 
into the condition of fluids, in (Htier to separate the 
elements of which they may be composed. For a like 
son, in order to separate the nutiitioas from the immtii- 
tious portions of food, it must first be dissolved or digested 
in certain cavities or vessels iji the body, provided exdn- 
sively for the purpose. The chemist in his laboratory 
makes use of knives, rasps, and mortars, to cut» pulveriie, 
and grind down the substances which he wishes to dissolve. 
The teeth in man perform a similar work ; the incisors (front 
teeth) cut, the molars (douUe teeth) crush the food which 
is to be digested within the system. The principal sub- 
stances which the chemist uses to bxing solids into the state 
of solution are acids, such as vinegar and oil of vitriol ; and 
alkalies, such as potash or soda. Precisdy the same agenU 
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are employed by nature in the living laboratory. The juice 
of the stomach is acid, ivhile that poured into the intestines 
is alkaline ; and the class of foods which is not acted upon 
by one is dissolved by the other : in both cases that which 
is capable of forming blood is separated from that which is 
not. To aid and hasten chemical action, the operator stirs 
and agitates the mixtures in his vessels. For a similar pur- 
pose, to facilitate digestion, the food in the stomach is kept 
constantly in motion by a peculiar action of that organ. 

This parallel may be much further extended by those who 
are acquainted with Chemistry and Physiology ; showing that 
the animal system has for one of its gi*eat objects, to effect 
just the same kind of changes in matter which the chemist 
produces by artificial means. 

Nor are the chemical operations of the living body carried 
on upon an insignificant scale ; their extent is even more re- 
markable than the nice adaptations of the mechanism by 
which they are conducted. A man of average size, in the 
course of a single year, introduces into his system from eight 
to nine hundred pounds of solid food, above eight hundred 
pounds of oxygen gas, and three-fourths of a ton of water ; 
making altogether upwards of three thousand pounds of mat- 
ter. The solid and liquid elements contained in the blood are 
carried through the lungs by means of the great circulation 
at the rate of very nearly ten pounds per minute, which is equal 
to the enormous quantity of twenty-five hundred tons in the 
course of a year. The chief object of this perpetual circulation 
of the blood is to bring it into contact with atmospheric oxy- 
gen, by which it undergoes a very important chemical change. 
To effect this, no less a quantity than twelve thousand hogs- 
heads of air are introduced into the lungs annually. Incredible 
as these statements may appear to those not familiar with the 
subject, they nevertheless rest upon numerous and accurate 
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experiments, and are among the estabfished facts of chenucal 
physiology. 

As man is thus, from necessity and by natm^, a chemist, 
his bodily system being a chemical apparatus, and each act 
of eating, drinking, breathing, and digestion, a chemical ex- 
periment ; and as this chemical action goes on at a rapid rate, 
involving the conditions of health and disease, and never 
ceasing for an instant from birth to death, it is certainly proper 
that he should miderstand something of a science of which 
he is himself so c(Hnplete and wonderful an illustration. Few 
subjects can compare, either in interest or importance, with 
that which informs us of what our physical being is com* 
posed, the character and object of those remarkable chaises 
which incessantly take place within us, and the nature of 
our relations to the surrounding world. Physiology, which 
teaches the structure and uses of the various parts of the 
human body, is pursued as a r^rular branch of study in a 
great number of schools ; it should be in all. But physiology 
is in a large measure dependent upon chemistry for the ex- 
planation of its principles ; and the discoveries of every suc- 
ceeding year tend to make that dependence more and more 
complete. 

Chemistry possesses also great interest from its application 
to the arts of daily life. It is the object of industry in acting 
upon the outward world to produce two classes of changes 
in the materials which it employs. The first are mechanical 
changes, which influence only the forms of matter, as in the 
operations of cabinet-making and cotton-spinning : the second 
are chemical changes, wrought in ihe\uiture of the substances 
used, and altering their properties, as m glass-making and 
tanning. In both these cases the changes which take place 
are governed by certain fixed principles or laws, to which 
the workman must conform if he would op^!ate successfully. 
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The principles of mechanics, taught by natural philosophy, 
are quite generally understood ; indeed, as this science con- 
siders only the relations of mcissei of matter which readily 
strike the senses, it was very naturally investigated earlier, 
and has always been a more popular study than Chemistry, 
which inquires only concerning the relations of invisible atoms. 
Yet the laws which control chemical action are as xmchange- 
able as those which hold the planets in their places ; every 
kind of matter is subject to them, and no vocation in which 
they are concerned can be pursued to the best advantage 
imlesA they are clearly understood. Tlie farmer, the miner, 
the metalurgist, the paper-maker, the bleacher, the dyer, the 
druggist, the soap-manufacturer, the painter, and innumerable 
other craftsmen, are constantly actmg upon chemical sub- 
stances — constantly dealing with chemical laws — and hence, 
it Is clear, require to know what they are. The greatest 
economy of process and perfection of product can only be 
obtained wheni the principles of a manufacture are distinctly 
4/ffnpr('.h(;ndf'A. In such case the skilful operator is enabled 
Ut work with the natural laws, and not against, or regardless 
of tfj'^n. It is said that in civil affairs it is alwavs best to 
h'fj[t the law on our side, but in dealing with nature this is 
vftrttjy more imp<^irtant ; because when natural laws are vio- 
laUid there j.s no such thing as escaping the penalties. 

A mwt instructive illustration of the effect of neglecting 
chemical principles, while those of mechanics are thoroughly 
understrxx] and applied, is afforded by the present condition 
of the United Stales C'apitol at Washington. The architect- 
ural Ix'auty and meclianical excellence of that edifice arc 
well known ; but thr; frwst^ne (sjindstone) of which it is con- 
Rirucled was selected without due attention to its chemical 
and phpical properties, and is totally unfit for its purpose, 
being rapdly acted upon and crumbled to dust by the common 
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atmoephaic agients. This desunciiie prooas ha* beoi par- 
tially airested by the free use of paint ; but Jhe Secrettrr of 
the Interior has infixiDed Coogreas that this ezpedieat '» 
inefiectnal, and that ankas sdentific men ooek to the rescacv 
and inTent some new prepandoii, which, br bong applied w 
the stoney shall oompletely protect it from the acxkc of the 
air, the whole stmctiire wiO be reduced to a mooDd of and 
in amt-fifik the time that it wooki last if bsdh of commoa 
marble.* It is thus seen that chemical praxapk» are inT.jJi «d 
even in aTocatioDs most porelv mechamcal ; w thai u>e \jfsA 
reasons exist for makiii^ them obfects of nmversai suidv. 

Among the Tanons occupatioDS which reqinre a kD«>w jedgir 
of this scieaAce to be sacoeaEfuHT carried on, that moiS XK^ie, 
useful, and universal of all hmnan punaiii fe, afrrxiLlLBre, 
stands prominent. The £ann is a great labontrjnr, and a^l 
those changes in matter which it is the ianner s chief bnmev 
to produce are of a chemical natare. He breaks ap and 
pulverizes his sc»l with pkv^^h, hairow, and hoe, for the 
same reason that the practical chemist powden hi^ mizientf 
with pestle and mortar; naBnehr, to expose the mai«naii» 
more perfectly to the action of chemical aecnte. The 5eki 
can only be looked i^)on as a chemical manafactory ; tike »r, 
scmI, and manures are the fanner's raw mauedak, and the 
various forms of vegetation are the products of mannfactnre. 
The fEumer who raises a bushel of wheat, or a huDdrul wesght 
of flax, does not fabricate them out of nothing : he perfonns 
no miraculous work di creation, bat it is by taking a oenain 
definite portion of his raw material and tfMkxiistau^ it inu/ ikw 
substances through the action of natural agents ; just as iJbfjut 
substances are again manufacttged in the one ease mio 
bread, and in the other into cloth. When a crc^ is remi>r#)d 
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from the field, certain substances are taken away from the 

ground which differ with different kinds of plants ; and if the 

fanner would know exactly what and how much his field 

loses by each harvest, and how in the cheapest manner that 

loss may be restored, Chemistry alone is capaUe of gnring 

him the desired information. To determine the nature and 

properties of his soil, its adaptation to various plants, and 

the beat methods of improving it ; to economize his natural 

sources of fertility ; to test the purity and value of commercial 

manures, and of beds of marl and muck ; to mingle composts 

and adapt them to special crops ; to improve the quality of 

grains and fruits ; to rear and feed stock, and conduct the 

dairy in the best manner, farmers require a knowledge of this 

science. Nor can they, as a class, much longer afford to be 

witliout it ; for it has always been found that the application 

of W5i(5ntific principles to any branch of industry puts power 

intfj the hands of the intelligent to drive ignorance from the 

field of competition ; so that as discoveries multiply, and 

infr>rmation is diffused, those farmers who decline to inquire 

inU) the principles which govern their vocation, or who prefer 

the study of politics to that of agriculture, will have occasion 

to groan more deeply than ever over the unprofitableness of 

thc;ir busincKs. 

Ah agriculture in this country has no established system 
of collegiate education, such as is possessed by the other pro- 
fessions, the rudiments of those sciences upon which it 
depends should be communicated to the young in common 
schools and academies throughout the land. It is not 
expected that Chemistry can be taught in a full and com- 
plete manner in ordinary schools; but very much of its 
general principles may and should be inculcated there, so that 
if higher advantages are not subsequently afforded to the 
pupil, he will be enabled to pursue the subject privately, in 
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whatever application of it his busiDess may chance to re- 
quire. 

There are also potent reasons why Chemistry should be 
embraced in a liberal system of mercantile education. The 
extent to which a vast variety of commercial articles are adul- 
terated, for fraudulent purposes, and thus greatly deprecia- 
ted in value, is little suspected by those unacquainted with the 
facts. These gross impositions upon the public cannot be 
arrested by penal enactments ; the only efifectual way of pre- 
venting them, or of sheltering the community from their 
effects, is for the merchant to possess himself of the necessa- 
ry knowledge to determine between spurious and genuine 
articles. 

It is eminently proper also that Chemistry should be taught 
to girls. In the present arrangements of society, domestic 
duties, either by supervision or direct performance, devolve 
chiefly upon females ; and household operations, such as the 
cooking and preparation of food for the table, the preserva- 
tion of fruits and meats, and the various processes of clean- 
sing, can only be best performed when the principles of 
Chemistry are well imderstood. It is also worthy of consid- 
eration, whether substantial information upon this subject 
might not be beneficially substituted for much of that trivial 
knowledge which is imparted in fashionable female education. 

But besides those more palpable benefits which spring from 
the applioation of Chemistry to daily business, there are others 
connected with the mind itself, which deserve 4o be noticed 
in this place. The superiority of the natural sciences over 
all other objects of study, to engage the attention,, and awaken 
the interest of pupils, is conceded as a feet of experience by 
the ablest teachers. This cannot be otherwise ; for the infi- 
nite wisdom of the Creator is nowhere so perfectly displayed, 
as in the wonderful adaptation which exists between the 
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young unperverted mind, and the natural world with which 
it is encompassed. 

On one hand there is the realm of nature, endless in the 
variety of its objects, mdescribable in its beauty, immutable 
in its order, boundless in its beneficence, and ever admins 
ble in the simphcity and harmony of its laws ; on the other, 
there is the young intellect, whose earliest trait is curiosity, 
which asks numberless questions, pries into the reason of 
things, and seeks to find out their causes as if by the spon- 
taneous promptings of instinct. The study of nature is 
therefore the most congenial employment of the opening 
mind, and one of its purest sources of pleasure. Every fact 
that is learned becomes a key to others ; every progressive 
step discloses wonders previously unimagined. The more 
we acquire, the greater is our desire to learn, while each ad- 
vance multiplies the sources of delight instead of exhausting 
them. 

But the advantages of studying the natural sciences are by 
no means confined to the interest or enthusiasm which they 
are capable of exciting. They are also eminently fitted to 
train the mind to habits of careful observation ; to teach it 
discrimination in deciding upon evidence, caution in forming 
opinions, method in study ; to discipline it to patient and per- 
severing effort, and store it with valuable knowledge. And 
yet, in our current systems of instruction, how frequently is 
the mind cut off from the glorious works of Almighty power, 
and directed to the crude and imperfect performances of 
man ! how often does the bright volume of Creation, " writ- 
ten," to use the impressive words of Lord Bacon, " in the only 
language which hath gone forth to the ends of the world 
unaffected by the confusions of Babel," remain a sealed 
book, while the youthful mind is inflated with fictitious 
learning, or occupied in acqmring the least valuable kinds of 
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information ! It is not to be forgotten, that so long as men 
neglected the study of nature, despised experiment, resorted 
to fanciful theories for the explanation of all natural occur- 
rences, and wasted their energies in aimless and sterile spec- 
ulations, society remained in a condition of barbarism, and 
learning was only an empty boast, a something of which the 
great mass of mankind knew absolutely nothing, and which 
was of little service to those who possessed it. But when at 
length men became the students of nature, when they began 
to appreciate the significance of her facts, and to search for 
them with earnestness, then came the knowledge which put 
stagnant society in motion, which conferred power upon the 
masses to elevate and improve their condition. Then came 
the discovery of the New World, of the art of printing, of the 
telescope, the microscope, the steam-engine, the chronome- 
ter, the power-loom, the steamboat, the locomotive, the elec- 
tric telegraph, the daguerreotype, and ten thousand other 
inventions in all the departments of human activity ; and 
which constitute but the beginning of what yet remains to 
be done. The benign results which thus flow from the study 
of natural science, are in an eminent degree characteristic of 
Chemistry. Its 'principles are of universal import, of the ut- 
most breadth of practical application, and are involved in all 
the vicissitudes of being which we daily contemplate around 
us. And in acquaintmg ourselves with them, we may not 
only gain a deeper and clearer insight into the wonders of 
existence, but we shall likewise obtam the most striking 
proofs of the wisdom of the Great Maker of the Universe. 
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that hitherto, m our hands, and exposed to all the Tariow 
agencies which we can bring to bear on them, each element 
has yielded only one kind of matter, and no more. Future 
researches may show that bodies now regarded as simple are 
really compound. Potash was for a long time thought a 
simple element, but Davy decomposed it into potassium and 
oxygen, a metal and a gas. 

9. Analysis and Synthesis. — Analysis consists in taking to 
pieces a compound body, to find of what elements it is com- 
posed. Synthesis is putting them together again to form a 
compound. Qualitative analysis ascertains the qualities or 
nature of the elements forming a compound. Quantitative 
analysis determines the quantities of these elements. 

10. Number of the Elements. — In glancing at the vast 
diversity of natural objects, we might at first conclude that 
the elements which compose them are infinite in number, but 
this is not so. Chemists have as yet discovered but sixty- 
five; of these about twelve are reckoned as non-metalfic 
bodies, and the remainder are classed as metals. Of the 
metals not more than one-third are in common use ; the re- 
maining two-thirds being so rare as to be seldom met with. 
The following table contains a list of all the elementary bodies 
at present known. Several of them have been but recently 
announced. The letters or symbols opposite each name stand 
for the substance in the new chemical language (61)* ; and the 
numbers show what quantity of each element is taken wiiea 
it enters into union with another (17). 

* These numbers refw to sections. 



What is analysis? What is synthesis? What are qualitative and quanti- 
tative analysis? 

Are the elements innumerahle? Hoiv many are there? How many are not 
metals? Of the metals, bow many are in common use? 
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AL 
Sb. 
At. 
Ab. 
Bo. 
BL 
B. 
Br. 
Cd. 
Va. 

Ce. 

a. 

Cr. 

Co. 
Cn. 
D. 
Do. 
E, 
F. 
GI. 
An. 
H. 

Pb. 
li 
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Ni. 
Ka. 
Nr. 
K. 
Os. 

Pd. 
Pe. 
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NAMES OP TUtE ELEMENTS. 



♦Phosphorus 

Platinam 

♦Potassium (kAlium) 

Jihcdium 

BiUhennim 

Selenium 

♦Silicon 

Silver (argentum) 

♦Sodium (natrium) 

Strontium 

♦Sulphur 

ThfUaluinj or Columbium 

TeUurium 

Terbvum 

Tharkim 

Tin (stannum) 

Titanium 

Tungsten (Wolfram) 

Urcmium 

Vcmcidium 

Tttriufn 

Zinc 

ZMroonmm 



Symbols. 



P. 

PL 
K. 
R. 
Ra. 

So. 
Si. 

Ag. 

Na. 

Sr. 

S. 

Ta. 

Te. 

Tb. 

Th. 

Sn. 

Ti. 

W. 

U. 

V. 

Y. 

Zn. 

Zr. 



bm. 
HTdTCfMi-l. 



82*08 
98*S8 
89* 
62-11 
62-11 
8»o7 
21*85 
108- 
22-97 
48-84 
16- 
92-80 
6614 

f 
69*59 
68-82 
24-29 
94-64 
60- 
68-55 
82*20 
82-52 
88*62 



11. Organic and Inorganic Chemistry, — Animals and 
plants grow and continue their being by means of what are 
called Organs, as leaves, roots, limgs, stomach, &c., and the 
products which they form are hence called Organized or 
Organic substances. The chemistry of plants and animals 
is therefore termed Organic Chemistry, On the contrary, 
minerals, water, and air are not produced by organs, do not 
grow ; and the chemistry of these substances is therefore 
called Inorganic Chemistry, This branch of Chemistry 
opens to us the study of all the elements, and of the com- 
pounds which they form, independent of the influence of life. 
In pursuing Organic Chemistry, however, our studies are 

— . 

What are organized Bubetances? What is Organic Chemistry T What is In- 
organic Chemistry ? How many elements does Inorganic Chemistiy consider ? Of 
llOW ipao^ simple bodies are organic substances composed T 
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limited to about sixteen elements, which compose the entire 
vegetable and animal kingdoms, together with all the great 
rocky masses which constitute the earth's crust. 

12. These elements are marked by stars in the preceding 
table. As they embrace the most important relations of the 
science— physiological, dietetical, and agricultural, together 
with numerous arts and manufactures which derive their 
material from the organic world — we shall be chiefly em- 
ployed with them in the following pages. 

13. The names of these sixteen elementary substances form 
the left colunm of the Chart, and they are each represented 
by a square, colored diagram. Single squares stand for 
simple bodies, but when joined together they represent com- 
poimds. As a separate color is thus assigned to each ele- 
ment of a compound body, its exact composition is shown at 
a glance.* 

AFFINITY, OR CHEMICAL ATTRACTION. 

14. Elementary bodies possess the property of uniting to 
form compound bodies. The power or force by which 

* Chlorine, Carbon, Sulphur, and Phcephoms are repreeented upon the Chart 
by th^ natural colors. Fliiorlne, from its soppoeed resemblanoe to oxygen in 
properties, has an analogoos tint; Nitrogen is of the color of the air (sky-blue), of 
which it is the chief ingredient Oxygen, as the sustainer of combustion, and the 
agent which changes the blood from a purple to a florid tint, is represented of a 
crimson color. The bases of the alkalies haye Tsrious shades of blue, correspond* 
ing to the strength of the alkalies which they form. (The alkalies restore the 
blue yeg^able colon dischsrged by acids.) Aluroimmi, the basis of day, is of a 
clay-cokNT. Silicon, which is said somewhat to resemble carbon, is of a dark color. 
Iron forms green-colored salt, and manganese those of a rose color. 



What is said of the importance of the organic elements ? What are their names T 

How are the simple bodies or elements represented upon the Chart ? 

What is chemical attraction or afllnlty ? How does it diflbr from the attraction 

of grayitation and the attraction of cohesion? Do we study chemical afflolty in 

its canaes or its eOctsT 
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this unioii is effected, is caDed chemical aitraeikm, ot afimii/. 
Chemical attraction is exerted to draw together or unite the 
particles of matter at insensible distances. It differs from 
the attraction of gravitation^ which operates up<» masses, 
and at all distances. It also diffsrs from the attraction of 
cohesion, by uniting different kinds ci matter ; while cohesioii 
binds together only particles €i the same kind. Bain fiills to 
the ground by the force of gravitation, the particles of iron 
are united by the force of cohesion, but in fane, the atoms of 
caelum and oxygen are held tc^ether by the force of affinity. 
Of the cause of this force we know nothing, and can stady 
it only by its effects, which are to produce compounds differ- 
ing totally in their properties from the elements which unite 
to form them. 

15. Chemical combination is to be distinguished from me- 
chanical mixture. Sand and sawdust may be intimately 
mixed, but they do not unite to form a new compound. So 
the two gases which compose the air, nitrogen and oxygen, 
are mixed together, but not chemically combined into one 
substance. 

16. The simple bodies unite in pairs to form compounds, 
which are termed hijiary, because they contain but two dif- 
ferent kinds of matter. The lines upon the Chart, converging 
from the left column to the right, represent the affinities of 
the elements. Thus hydrogen and oxygen have an affinity 
for each other, and combine, as the lines passing from them 
show, — water being the product of their tmion : potassium 
and oxygen are also seen to imite, forming potash : the lines 
from nitrogen and hydrogen meet at ammonia, also those 
from oxygen and sodium at soda. Compounds formed by 



What ifl the difference between ehemieal and mechanical combination ? 
How is affinity represented upon the Chart? What does the stractore of the 
lines represent? 
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the imion of plain lines are «^ds ; d broken finei, fiqpds ; d 
dotted lines, gases. 

LAWS OF AFFiymr. 

1 7. Definite Proportions. — Affinity is gorerned by tereni 
highly interesting laws, which constitute the gnmadwctk ai 
modem Chemistiy. It is a law of affinity, that all chemicau 
combination takes place in definite, unchangeable proportioni 
of quantity. Hm gases which form water unite in the pro- 
portion of 8 to 1, by weight : 8 ounces of oxygen unite with 
1 of hydrog^i to form 9 oimces of water. One ounce of 
hydrogen will not comlnne with 6, 7, 10, or 12 of oxygen. 
Eight to one are the proportions for pure water, at all places 
and seasons ; nor is it possible to produce it from any other 
proportion of its elements. Eight parts of oxygen unite with 
thirty-nine of potassium to form potash, with twenty-three of 
sodium to form soda, with twenty oi calcium to form lime, and 
with twenty-eight of iron to form protoxide of iron. Analysis 
never discovers any other proportions in these compounds. 

18. This law of definite proportions governs the formation 
of all chemical substances whatever; it is universaL All 
stones and minerals, the dirt of which soil conosts, every 
vegetable product, and all parts of animal structures, consist of 
elements which are united in definite, unalterable proportions. 

19. Combining lumbers. — ^These combining quantitaes, 
being fixed, may be expressed by permanent numbers, which 
are hence called combining numbers. Relatively, these num- 
bers are always the same, although they are written differ- 
ently upon different scales. Hydrogen, as is evident upon 



Do chemical sobstaooss combine in all proporttoos? What is aaidoftheeto* 
menta of water? oTpotaahT offlodaT of lime? of protoxide of iron? 
What ia said of the exUnfc of this law T 
What are combinii^nimibenT ArBthQ/alwaiittieauie? 

3* 
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the Cbait^ combiiies in tbe amaOest piap oitio n by ms^ of 
aoY knuwn budy, ami b adopted as the unit upon the scale 
generally used. Hydrogen beiiur assomed as 1, oxygen is 8» 
solphur If5. carbun 6. and so an; bat if oxygen were taken 
as U the whuks ^scale would hare to be divided by eight; or 
oxygen ac 100 muidphe^ the :jcak by 12*5. 

20. This great Iinr of Chemistry is exhibited npon the 
Chan in the clean»t manner. The sises or aieas of the cd- 
ored diagrams correspond to the comlnniDg nnmbsrs^ and 
thus represent relative quantities to the eye. The hjdtogesi 
square bein^ the smallest, the ox^en square is 8 times 
larger, the sulphur square I6« the carbon square 6» and the 
chlorine square 3o times lui^er. Observe that diagrams of 
the same color have exactly the same ase throughout the 
Chart. Thb could not be otherwise, as the g omhinmg pro- 
portions are always the same. Thu8> oxygen, whexerer 
found, whether in an acid or an alkah, a mineral or a vege- 
table substance* is seen obeying the law of its fixed propor- 
tion ; its square is always of the same sze ; and so with all 
the other dements. This great law of Chemistry, so admira- 
bly illustrated by these diagrams, gives remarkable ^mplicity 
to the science ; enabling the mind both to comprehend and 
to retain its facts with readiness and ease. 

2 1 . JimliijfiU PropcrtiiMs^ — ^When combination occurs be^ 
tween two elements in more proportkns than one, the larger 
quantities are multiples of the smaller by a whole number. 
Thus carbon and oxygen form two diiSerent compoonds^ 
carbonic oxide and carbonic acid. In earbonk Q3dde» as the 



By whsl meChod It Chit gra^ InroT deteitoproportioaB exhSMted vpcMi »• 

Cbnrt? Whysredi^raBMorthe auMcoior at««gp«orth« sBM»aae! Wk^|» 
llM e»iet of this Iftw apoo tiM anioiMtioB of the nenee ? 

When tbe Mne etenenta Ibrm two or nore diflkicat ciMniKMndB, m wk^ 
|yroportk)i» do tbey onilet GiTO exampken, Wbal is aud oC tke bUn^m 
oxygen grovpY WlMltetliiilMr 
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Cliart shows, oxygen exists in but one proportion ; in 
carbonic acid the quantity is doubled. In the ratrogen and 
oxygen group, we see a series of fire compoands, wl^h dif- 
fer essentially from each other in tbeir pit^^erties. The 
amount of nitrogen is constant, but the quantity oi oxygen 
varies as the numbers 8, 16, 24, 32, 40 — a simple numerical 
ratio. This is called the law of mtdtipie prvpartians. 

22. When two bodies unite with each other chemicaDy, 
the proportions idiich are taken satisfy their mutual affini- 
ties, and the quantities are therefore said to be equivalent to 
each other. Thus the affinity of one grain of hydrogen is 
exactly equal or equivalent to that of e^ht grains of oxygen, 
or thirty-five grains ci chlorine. Combining numbers are 
hence sometimes called equivalent numbers, equivalent pro- 
portions, or equivalents; they are also termed combining 
weights, atomic weights, combining proportions, &c. The 
atomic numbers should always be associated in the mind with 
the names to which they are attached, because to the chemist 
no such thing as abstract hydrogen, oxygen, or carbon exists. 
It is of their atoms that he invariably speaks. The word hy- 
drogen signifies an atom which weighs 1, the word carbon an 
atom which weighs 6, and the word oxygen an atom which 
weighs 8. 

23. The law of definite proportions extends to the imion 
of compoimds, as well as of elements. The combining pro- 
portion of a compound body is the sum of the combining 
numbers of its several elements. The combining number for 
lime is calcium 20, oxygen 8=28 : for water it is oxygen 8, 



What are chemical eqaivalentsT What are oombtniog namben •ometliMa 
called ? Why ahouki the atomic numbers be always associated with the mimes to 
which they are attached? What does the chemist understand by the words 
hydrogen, carbon, oxygen ? 

How do we loara the combining proportions of a compound bodyT Ilow 
does U appear that 37 is the number for hydrate of limet 
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Kydrogen 1=9. When water and newly burned lime unite, 
as in the process of slaking, the quantities are therefore 9 of 
water to 28 of lime, giving 87 for hydrate oi lime : thus each 
acid and alkali has its fixed equivalent number. It is im- 
portant that the combining numbers of the elements upoo 
the Chart should be learned and remembered; the pupO 
should then be required to compute the numbers for the com- 
pounds which they form. Fractions have been omitted, 
whole numbers being more easily retained in the memoiy. 

24. The term gas is applied to bodies which are neither 
solid nor liquid, but resemble ak. Gases unite in definite 
proportions by bulk or volume, as well as by weight. Thus 
water is formed by one volume or measure of oxygen to 
two of hydrogen, and like simple proportions govern all 
gaseous combinations. But as weighing is the grrand pro- 
cess by which all the important laws and facts of Ohemistiy 
have been established, and as the whole language and 
nomenclature of the science, as recognized by all chemists, 
has been conformed to results by weight, these alone are 
represented upon the Chart. Says Prof. Liebig, " The great 
distinction between the manner of proceeding in Chemistry 
and Natural Philosophy is, that one weighs, while the other 
measures. The natural philosopher has applied his meas- 
ures to nature for many centuries, but oidy for fifty years 
have we attempted to advance our philosophy by weighing. 
For all great discoveries Chemistry is indebted to the bal- 
ance, that incomparable instrument which gives permanence 
to every observation, dispels all ambiguity, establishes truths 
detects error, and guides in the true path of inductive 
science." 



What is a gas? How do gases oombiDO? Why does not the Chart repre> 
sent combination by volume ? What is said of the great distinction between 
Natural Philosophy and Chemistry ? 



CAUSES WmOH OOSTBOL AFFOnTY. 88 



CAUSES WHICH CONTROL ArFlNITT. 

25. Bodie$ combine with unequal degree$ cf power, — Chem- 
cal attraction acts among different substances with different 
degrees of force. Thus carbonic acid will combine with 
soda, forming carbonate of soda ; but if vinegar be brought 
in contact with this compound, it will drive off the carbonic 
acid, and take its place, forming acetate of soda. Again, 
the affinity oi hydrochloric acid for the soda is superior to 
that of the acetic acid ; it will therefore expel it, and form a 
new substance. Nitric acid serves hydrochloric in the same 
way, and it is in turn treated in a similar manner by sul- 
phuric acid. It has been attempted to construct tables rep- 
resenting the order oi affinities among different substances ; 
but so many causes disturb the play of this force, that such 
tables are of litUe value. 

26. Relation of Heat to Affinity, — ^Heat is the great 
antagonist of affinity. As this force draws the particles of 
matter together, heat tends to drive them asunder. By thus 
separating the atoms, and removing them beyond the sphere 
of each other's attraction, it weakens and overcomes chemi- 
cal union. But when the affinities which bind together a 
c(impound have been destroyed by the application of a given 
degree of heat, other affinities of a stronger kind are brought 
into action, and the elements arrange themselves into new 
combinations. Thus, heat destroys all organic substances, 
but at the same time other compounds are formed, which 



b tlie force of chemical attraction equal among all subetaaoesT How doea 
vinegar affect cartxmate of aodat Why does hydrochloric acid destroy this com 
ponndT What add expels the hydrochloric? What the nitric t Why are tables 
showing Uie cnnder of affinities of little value ? 

How does heat overcome chemical union ? When heat destroya the affinities 
of a ccanpound, what follows Y 
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resist the decomposing power of combustion. Heat, by 
melting solid substances, and thus bringing them into a state 
of liquidity (29), also calls new affinities into exercise, as in 
glass-making (206, 303). 

27. Influence of Light, — Light exerts a powerful agency 
in modifying affinitj^- Hydrogen and chlorine gases min- 
gled together in the dark do not unite ; but if brought into 
the sunshine they combine explosively. The daguerreotype 
process depends upon the chemical action of light, ex^ied 
upon metallic plates coated with various substances. Light 
is also the great agent which controls the growth of v^eta- 
tion, as all vegetable fabrics are built up under its direct in- 
fluence (329). 

28. Effect of Electricity. — Affinity is also controlled by 
electricity, which by many is supposed to be the basis of 
all chemical action. Atoms which are attracted together 
are assumed to be in different electrical states, as opposite 
electricities are known to attract each other. If two slips of 
different metals have their lower ends dipped into an acid, 
corrosion (chemical action) immediately takes place ; and if 
their upper ends are connected, either by being inclined 
together or by a third slip of metal, an electrical current is 
created. This is called a simple voltaic circuit, and involves 
the principle of the galvanic battery. Electrical currents are 
among the most powerful means of producing chemical de- 
composition. 

29. Cohesion. — As affinity only takes place among par- 
ticles of different kinds of matter at insensible distances (14), 

What is said of the eflbct of light upon affinity ? Upon what does the da- 
guerreotype prooeas depend T How does light inflaenoe vegetation T 

How is electricity supposed to act in controlling chemical action ? In the 
▼oltaic drcoit and galvanic battery, to what is the electrical current due ? 

Why is cohesion opposed to chemical action? How is cohesion best over* 
come? 
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cohesion, which holds together atoms of the same kind in 
masses, must be opposed to chemical action. Substances 
when in the solid state, even if ground to a fine powder and 
mixed, very rarely combine chemically. To afford full scope 
for afl^ty, cohesion must be completely overcome ; and this 
is best done by melting or dissolving (be bodies in a liquid, 
that theu* particles may be brought into the most intimate 
contact. 

30. Effect of the Naicent State, — ^Elements at the very mo- 
ment they are liberated from union, in what is called the grow- 
ing or nascent state, often enter into new combinations which 
cannot be formed imder other circumstances. Nitrogen and 
hydrogen, if mingled in the same vessel, do not imite ; but 
when these two gases are set free at the same time, by the 
decompodlion of vegetable matter, they readily combine to 
form ammonia. 

31. Catalysis, — Chemical union is also sometimes influ- 
enced in a peculiar manner by what is called presence-action, 
or contact-action, or catalysis. In this case, a body, by its 
presence or contact, indtices changes in another, in which it 
takes no part. Thus if starch is boiled in a little weak sul- 
phuric acid, it is converted into sugar ; and if at the termina- 
tion of the process the acid be examined, it will be found to 
remain unaltered, both in properties and quantity ; so that 
the smallest proportion of the acid is sufficient to convert 
into sugar an indefinitely large quantity of starch. The phe- 
nomena of catalysis are not well understood. 



What is said of the combination of elements Jtwt liberated ftom nnion? Give an 

example. 
What is the mode of actkm of catalysis T Are the phenomena weD under 

BtoodT 
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THE ATOMIC THEORY. 

82. It has been proposed to explain the laws of chemical 
combination by what is called the atomic theory. This theory 
assumes, first, that the ultimate particles or molecules of 
which all matter is composed are indivisibley unchangeable 
atoms ; second, that atoms of the same element are uniform in 
weight, but that in different elements they have different 
weights ; third, that the combining nimibers represent these 
relative weights ; and fourth, that chemical compounds are 
formed by the union of these atoms with each other. Whoi 
these propositions are admitted, the known laws oi comlHnatiai 
follow necessarily. If bodies imite by atoms, atom to atom, 
their proportions must be definite, and always the same. If 
several similar atoms unite, as each is indivisible, they must 
be multiples of each other {multiple proportumt) ; and as one 
atom may replace another in a compound, their relation must 
be tliat of equivalents. This theory has been so universally 
received by chemists, that its terms have become incorpora- 
ted with the language of the science ; so that to say an atom 
of iron combines with an atom of 02cygen, is as conunon as 
to say tliat a proportion or equivalent of iron combines with 
an (Hjuivalent proportion of oxygen. 

Xi, Of the form or figure of atoms nothing whatever is 
known. It is therefore no matter m what shape they are 
n'i)n;s(int(id, as tlie object is not. to indicate their ^^rc, but 
tlu^ir n^lations. 

t'M . If (Mich w(iuare upon the Chart is considered to represent 



t'iNiu wlmt amiimod grounds is the atomic theory based t Do the laws of 
(MHiiblimtliiii maiilt fVom thoHu propositions? What is said of the roceptioB of 
thiN thoory by clt«MiilNlH? 

In atiy ihliiK known of the Urrm of nloms ? , 

How doM the (lisrl Klre a clear Idea of the atomic theory? 



4-^ 



THE ATOMIC IHEOKY— CRY8TALLIZATICN. 87 

an atom, we shall then have a clear view of the atomic theory. 
Single atoms are seen to combine to form compound atoms : 
thus an atom of water contains two elementary atoms, of 
silica four, and an atom of gluten eighty-four simple atoms. 
Until the announcement of the atomic theory, we liad no 
adequate explanation of the imiformity of the proportions of 
chemical combination, or of the nature of the cause which 
renders combination in other proportions impossible. 

36. Crystallization. — When certain solid substances are 
dissolved in liquids or melted, so that their particles are free 
to move among each other, upon the evaporation of the liquid, 
or the cooling of the melted mass, the atoms arrange them- 
selves together in certain regular geometrical forms, called 
crystals. The process by which crystals are formed is called 
crystallization. Thus, when common salt crystallizes, its at- 
oms arrange themselves in the form of dice or cubes. Alum 
assumes the form ol a double pyramid placed base to base. 

36. Attraction, in causing atoms to cohere so as to form 
solid masses, seems not to act equally all around each atom, 
but between certain sides or parts of one atom, and corre- 
sponding parts of another ; so that when allowed to unite ac- 
cording to their natural tendencies, they always assume a 
certain definite arrangement. This property of atoms has 
been called their polarity, because in these circiunstances 
they seem to resemble magnets, which attract each other 
only by their poles. When the arrangement of its atoms is 
not crystalline, a body is s£ud to be amorphous. Any change 
which tends to permit freedom of motion among the atoms 
of amorphous bodies, favors the reaction of the polar forces, 
and promotes crystallization. 

What aro oTBtals? What is ciTBtaUlxation ? What form do the cnrBtate of 
commcm atft aHume ? What those of alom ? 

What is said of the polarltj of atonu? In this property, what do they reeembleT 
What is aa amorphous body ? 

4 
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37. The power with which atoms arrange tJnemsdres k 
the crystalline order is seen in the freezing of water ; as the 
particles assume their new position, the water expands irilk 
a force sufficient to burst the strongest iron yessels, ot to rend 
solid rocks. 

38. Blows, continued vibration, friction, and vanatioiis of 
temperature produce changes in the molecular arrangement 
of metals ; and it is thought that the axles of railroad-cars, 
though at first constructed of tough and fibrous wrought- 
iron, may from these causes acquire that crystalline and biittle 
structure which they often exhibit upon breaking. Ciystab 
of the salts often contain water, called the water of crjstalfi- 
jsation. These, when exposed to the aur or to heat, part with 
this water, lose their transparency, turn white, and Ml to 
powder: this is called efflorescence. Others attract water 
from the air, and this is known as deliquescence. 

30. The primitive geometrical forms which crystals assume 
are divided into six classes or systems, and in each of these 
classes there is a vast number of secondary forms. Thus in 
carbonate of lime, 680 modifications of crystalline form have 
iKHm described. As the subject of crystalline forms, to be 
made interesting, requires full details, we must refer the in- 
ept! ring student to the complete treatises upon Mineralogy 
luid Crystalography. 

40. Wlicn the same body possesses the property of being 
cryHtallized in two different systems, it is said to be dimor- 
phous, Isomorphous bodies are such as have the property 



WliAt In Mid of the A)rco with which atoms arrange themselves in the crystalline 
nmti T (Jive an example. 

What la Mid of the oflbot of blowS) Mction, and vibration of the axles of rail-can f 
W Ital In •moriMflenoe t What is deliquescence T 

lUm maiiy primitive Roometrlcal forms do crystals possess ? How many seocm- 
iary Aintta uf oarbonafe of lime have been enumerated T 

What la a dinmrithow body T What are isomorphoqa bodies? 




ci 7^ Among two, »xusr jl t 

new £^ic%ft.. TfiL gBomt a£ mnmarubmm iao«» lan^ 

dJBcoTerEsd. 

41. Iwomerk ^samwmiw^ xf* 

prupolkL. Fj UKUiRJ' c 

ing ilif; smii: samoKm. 

the same: oniBBiaL nc «kl » 

fact. 29|icia of tiri«*miie. iv u of iea.'JBiw 'i r' isitv?: 

cjil of ^hAbsk, y^p^ siC ui. of j^^B^mtK » i. «»5*;: tvje loe 

their jeroperuek an -vptt oifiwaL ''il 9 t>a<» aui jSjmd- 
nuang gat an watf, idanriL n f:'jsxivwa«'jL TV ^d5rf»w 
of prDpesiki k mmsnK. v^div s ar:*:iiiDzi»£ I't* ir «uwvtRi^ 
that ^ifr atoDK or i&(ii^s'nii*» tr* (u5?t»nlr arraair^ s W 

exfirt ixicar lasaiiL iKir."» -imufM-u^^ n -ti«» »/i*Rr Wy' !•«» 
psssre, azi£ J» £ iPfT?: %(rpiL Tixv Iv XiiiMWiiif ^ 1m^- 
]tt8st% f am. <f svnwjL Hue Jt ran jbairdr v» iixiiif^ i* viif& 

coBXiiniisaaiL 



linv » 1m tmrn mrn . ¥^pt^ 



40 nroBGAinc 



w;i:*'iK<*' 



THE NOMENCLATURE. 

43. The chemical nomenclature is a system oi naming, in 
which the structure of the terms employed expresses the 
compo^tion of the substances to which they are applied. 
This nomenclature is the most perfect to be found in any of 
the sciences. It is very simple, and gives the mind great 
power over the subject 

44. In the case of simple bodies, the rule is to retain the 
old established terms ; but when a new element is discovered, 
to give it a name expressive of some leading property. Thus, 
chlorine takes its name from its greenish color, and iodine 
from its purple vapor. All the lately discovered metals are 
distinguished by a common termination, as potassium, sodium, 
platinum, &c, 

45. Compound bodies are of three kinds, acids, bases, and 
neutral bodies, or those which possess neither acid nor basic 
properties. Acids are usually known by the following prop- 
erties : a sour taste, a power of altering vegetable colors 
(changing blues to red), and the property of combining with 
and neutralizing or destroying the properties of the bases or 
alkalioH. 

40. A Inr^o number of the acids are formed by the imicm 
of ()xyf(r« with other bodies ; they are then named from the 
element with wliich the oicygen imites. Thus, sulphur with 
oicygcn gives sulphuric acid, carbon with oxygen gives car- 
bonic acid, phosphorus with oxygen forms phosphoric acid. 
Acids in which there is no oxygen are named from both their 



What it the chemical nomendatiire ? VHiat is said of it T 
What is the rule in the case of rimple bodies? Give examples. 
How are oompoond bodies divided ? What are acids? 

How are a large number of the acids formed ? How are these named? Give 
examples. How are adds named which contain no oxygen? When the same 
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elements : tliiis, hydrogen and chlorine form hydrochloric 
acid, hydrogen and fluorine hydrofluoric acid. When difier- 
ent acids are formed by the union of the same elements in 
different proportions, they are distinguished by terminations 
and prefixes. The termination ie describes the strongest, 
ous a weaker, and the prefix hypo, which means under, a still 
weaker acid. Thus nitrtc acid contains a higher proportion 
of oxygen than nitrous acid, and this more than hypomttous 
acid (see Chart). The prefix hyper means more, as hyper- 
chloric acid, or more commonly j)frchloric, which contains 
more oxygen than chloric acid. 

47. Bases are distinguished by their power of combining 
with and neutralizing acids. They include the alkalies, which 
have a peculiar acrid taste, as lime, called the alkaline taste ; 
and have also the power of restoring vegetable blues when 
destroyed by an acid. Besides the alkalies, bases also com- 
prehend those metallic oxiffes which do not exhibit these 
alkaline properties, but yet unite with acids. 

48. Most of the bases are formed by the union of oxygen 
with another element, commonly a metal ; as oxygen with 
iron, termed oxide of iron, oxygen with potassium, oxide of 
potassium, &c. When oxygen combines with the same ele- 
ment in different proportions, forming several oxides, its quan- 
tity is indicated by the use of prefixes. Thus proto indicates 
one equivalent or the lowest proportion of oxygen ; deuto, 
two, and trito, three, equivalents of oxygen. Per is used to 
express the highest degree of oxidation, and is often applied 



elements form dUferent actds, bow are Uiey difUngii^ What ii Uie meanSng 
ctie,of0USf otkfpoj othypeTi or per T 
How «i« baaet diatingaiahed? What bodiea are comprehended by the term 
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How are moat of the baaea formed t How ia the qnantity of oxygen in an oxide 
denoted? What doea proto indicatet Demto? Tritol How \m per oaedT 
What are Mckoklea? What are Mf^inoKidesT 



4± 



V "Uj* dfoOLr^iO!- imf ^rE.-.Ti5*- S-cae oxBdes wluch hare 
«i.-i jnj*ri*r ruai: Tirrc^HnJfs *» ace v« ctMcbme with acids, 
IT' t/nat^i rt^Mii'**. J^^TA-n3* i* ftzarnJait to deotonde; 
jcii irf!*rr6u Mai's lt* :i'«5*f ii -rri:"'". ib*- crjrgea is in the pro- 
jiTiin -if CI* jaii h "*:>>' :.: :c»*'. .if ib? friaDeM with which it 

4r. ^T^ff ifc."Jd« ini sZa^ns^ i^ibiQc^ possessing opposite 
Tir-c«r33«v lifcT* A Ti'iTfrfiL Ksrfcraic fcir each other, and 
ccilai* ic- f -m sLh*^ Bj ii» izo:c lie pit»periies of hoth 
ih-f- Arid* iad luev* at*- ^.-crr^^'T !'■««* mi a neiitral salt is 
liif- rfscLi. If- rfC-r-fTar. !*•*-» 35 3>:y: sofEcient hase com- 
jfi£C«:> :.' ?Uu;:Lrfc:^ ib<- &:di. jci orai^-faLh. or jv/wr-salt, results ; 
wtilf- if ibf- Idtfv- i> ri f-x.vafk. a ftt«M'-s&h. or mh-salt, is f(»med. 
S&hs iz^ s&zz>fd af:^^ b:di ibec- ejemesls, as phosphate of 
Eme^ free: T.bneT'borJf acif az)i rase, Bai as sereral acids of 
the 5ac9e cexrH z^kixr Tc&r c<a:\tx^ with one base, the salts 
arf djsnsraisfced It larEznc ibe »f cif the acid into aU of the 
sa];« and cv^ :::t«:> iu : ih«2« zinic acad forms nitrates, mtroos 
add n:M«;. azxl hTpi"i4:s]pharC'3« ack! hrpo^phites. The 
basic o!einoTit of a s*!: i> irjdka:<'d bv iis n^ual prefixes ; thus, 
protosnlphato of iron i> a >xi]pbAie €<( ihe protoxide of iron. 
(See Chart.) Salts fc.rnjt>d fr^^m elemenis containing oxygen 
are termed oirgen-acid salts: th^xs* containing no oxygen 
are named haloid salts, from their resemblance to sea-salt — 
chloride of sodium (291). 

50. As oxygen forms oxides, so chlorine fonns chlorides, 
bromine bromides, iodine iodides, fiuorine fiuorides, sulphur 
sulphides, phosphorus phosphides, and carbon carbides. The 



\yhen adds tnd alkaliea unites vbat is Uie renh ? Wbat is a *mp * a aa l tT What 
a Mi-Bait? How are salts named ? Example ? \\~b» srTcral acids of the nmo 
gvnenl name combine with ooe base, bow are the salts disUi^uiahed ? ExampleaT 
How is the degree of oxidation of the baae of a salt represenled ? What are oacjf» 
gen-add salts t \%1iat are haloid salts? 

To what oompoimda are ide and «rcf attadiedT 
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compounds of these bwi thrM <nN«faii«v»«i «|i»^ biUMm mrMt, 
generally by the termmfttirm Mr^if, ;m <«nlphiir<«t. '^f jivm, '•hv 
buietted hydrogen. 

51. Chemical Symhoii, — fn f.h**. '•juw» '■.f mr,«t. '•.••apmir '/-.tw. 
pounds the nomenclature fiiiU, an<1 cAnnot }r,n. tsyutio v, .«Yor'^^<« 
composition. Anrithfr fttpHi^tif. haw Jv»*»n hMT>^>ilv f.*wr,rvH 
to, which meets the difficalf.y : it i» rV. iww ^it* vrhut. ir^^ ifivvr^ 
as chemical symbols. Fc* th^, ^rymlyJ M' Jin /»li»m«»nuT'; ^nlv 
stance we take the firat Uitt^fr of itM n(%m<^ ; hnt. m ji«i'.>r it 4*1 K. 
stances may have the Mm^, initisi U^t/in*. v» ^li^fin'jr.ii^h v^ 
tween them, we either empk>y r.h^, fir4t i«>f. t««r '-»f 'h«»i)« r.ntin 
names, or add a sec/jnd small l^tiAr. TKi«m. ^, 4«,mr{4 fi.f 
carbon, CI for chlorine ; and ;ir P in uk*m ('•-.r ;>(ir,<i*>hf-,f m. 
E, from kalium, the Lfttm fr^r pr»rjiHh, ih r>«k<*n iV.r |>r,(^uKini>) 
A symbolic letter repreivntA not. /-inly ^n <»l*»w<»nt. ^nt. ^*>»^ 
a/om or jnvpartum 0/ <^9fi ^Um^Tn/.. T'mw. >3 ^> <un#1»* ft-,?* 
one atom of nitrogen ftcnd rme of o-xyyon^ v^Ki^h fl-»rrY^^ nitrr.iw 
oxide. If more prop^jftlrins thjtn ''»nft i^r<* fA !•*«» <•v^>r'*!^M^r!, i^ 
small figure is adder] in r.h#». ^^.rr.^): m»nn<^ ^k *h^. pr,\v.^r^ ^>f 
roots are expressed anthTnet>j»ll7 Ky '*vp*'rf^<*T^t^. Thiw. ."^ ^>» 
represents nitric acid, wWir,h «v»ntAim S z**, *r,iirMl^r.t< -^^ ^v-r 
gen. A large figure pla/ied bfjflr,re ;^ p!vrftrith*»«<i« mrli<*.*fi»»« 
that all included whhm it is f/> h>««i mi>lhipli«vl ; hhiw. ;l« A ^>, t 
HO) represents three Af/^ms «'>f h^^r^f/-/! ^olphnrl^, i»/^i4. 
Some writem d»penAe wrth the p»*r<?nth4«i«. A *v>l>At4*-.n r^ 
symbols is called a fr/rmnU. 

52. EquaticfM and jymgvamk. — OvnYii^j^l ^,h*r,9f*« are 
shown by means <A itnmxihn anrans^e/J in r.he mamwnr ^if *n 
equation. The separatkA // cart/'>m/5 acid, «*d Rhe (ffrmsnt^frt 



m the ijrmboi of m «Imwm} WlMuft i«r/r (tlMiH«to Ink** Umt m«m Mfi^l tfiUtTf 
bow do we dMtaffoMk bMwiwii tiMm ? <;iv« m«m «mm(i*m. M^yw k IMr fmr 
portico of ■tdoBcaAcsfnawd? £ttn(lM, WiMlMVfanMtet 
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of plaster of Paris, when sulphuric is added to. carbonate of 
lime, is thus represented : Ca O C O, + S 0| = Ca O S 0| 
+ C Oj. The substances to be changed, carbonate of lime 
and sulphuric acid, are 
placed at the left ; the 
products of the change, 
sulphate of lime and free 
carbonic acid, are seen at 
the right. A still better way of illustrating decomposition is 
by means of lines, such as are shown upon the Chart. By this 
method the foregoing changes appear as in the above diagram. 
Here the substances to be changed and the products of change 
are not only arranged opposite each other, as in the equation, 
but the character of the change is exhibited more clearly. The 
plain lines show that one of the products is a solid, and the 
dotted line that the other escapes as a gas (16). As there is 
nothing lost during the change, the • equivalents upon each « 
side, if added together, will produce equal amounts. 

53. It is very important that the nomenclature and the 
use of symbols should be well learned ; and as the conmion 
way of teaching this part of the subject is difficult, tedious, 
and unattractive, it is desirable that beginners should have 
the Chart constantly before them while attending to it. Much 
time and labor will thus be saved, while clear, and therefore 
the most lasting ideas are acquired. 

MANIPULATION, OR THE OPERATIONS OF CHEMISTRY. 

54. Manipulation means hand-work: it is a term applied 
to all the practical operations of Chemistry. To become an 

Uow are chemical changes shown T How are the substances arranged ? What 
is said to be a atUl better waj of illaatrating chemical changes ? 
Wliat is chemloal inanip**^'^'^ ' 
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expert manipulator requires great experience, tact, and a 
high perfection of bodily senses ; but many usefid operations 
maybe executed with but. slight practice and few instru- 
ments. The object of all chemical investigation is to ascer- 
tain something unknown in reference to the properties of 
bodies, and this is done in various ways. 

65. We determine by taste if bodies are sweet, like sugar; 
sour, like vinegar ; bitter, as epsom salts ; saline, as common 
salt ; burning, as alcohol ; insipid, as water which has just 
been boiled, or entirely tasteless. The properties of many 
substances are revealed by the odors they emit. Thus the 
peculiar smell of burnt feathers, woollen rags, &c,, indicate 
animal substances. Color is an important property of bodies, 
and should always be noticed. Some experience is necessary 
to identify d^erent shades from description ; and the pupil 
will do well to procure slips of paper of a large variety of 
tints, and paste them in a book with the name of the color 
opposite each. 

66. The property of hardness, which is very important in 
reference to minerals, is determined in a comparative way, 
by rubbing or rasping one body against another, and observ- 
ing which is scratched. Thus talc is scratched by gypsimi, 
and gypsum by calcareous spar. The diamond scratches all 
bodies and is itself scratched b/ none. The finger nail also 
affords a good indication in this way ; soapstone and plaster 
of Paris yield readOy to it, while limestone is but slightly 
affected. 

67. Weight is a fundamental property of all bodies ; to 
ascertain it accurately is therefore a matter of great impor- 



How are the iffoperUes of many bodies easily detennined ? What is said d 
colorT 
Bow do wo aseertain the comparaftiTe bardoess of bodies? 
What is aald of weight? How is weighing perflbmad? 
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tance. When we take a piece cif wood in one hand, and a 
piece of lead of the same size in the other, we say that one 
is heavy and the other light. We mean that they are heavy 
and light compared one with the other ; these terms, then, 
always express the comparative weight of equal bulis of 
different substances. We have standards or imits of weight 
with which all bodies may be compared, as troy weight, 
apothecaries* weight, <tc. Weighing is performed by means 
of an instrmnent called the balance or scales. No balance 
should be used, even for the roughest chemical work, that 
will not turn with the tenth of a grain. 

68. Specific Gravity , — ^The specific gravity oi a body is 
its weight compared with either water or air. Solids and 
lif]uid8 are usually compared with distilled water, gases with 
cr^mmon air. A cubic foot of water weighs about. 1000 
ounces ; a culnc foot oCriron^ wfighs T^OO* ouBces ; it is there- 
fore 7 and ^ times heavier than water, hence, we say its 
specific gra>ity is 7*8. Gold is 19^ times heavier than 
water; its specific gra>ity is 19*5. The specific gravity of a 
mWd is obtained by first weighing the body out of the water, 
and then weighing it suspended in the water, when it will be 
found to weigh less. The weight in air is divided by the 
hiHH in water, and the quotient gives the specific gra^-ity of 
i\u'. HuF>Htance. The specific gravity of a liquid may be ob- 
tiiincd by filling with it a bottle which will hold just 1000 
gniirm of pure water, and then weighing it Such a bottle 
will liold just 1340 grains of molasses, 1840 grains of oil of 
vitriol, 1 «),500 grains of quicksilver, and only 840 grains of 
ulcohol : tlicjHC numbers, divided by 1000, give the specific 
((riivitiitri of th^wi several substances. 



Wtiia 1m miMul by the ipeciflc graTitjr of a body ? What are solids and liquids 
etHtiimmd with t tioaes? IIow do we determine the speciflc gravity of a soUd T 
lluw of a liquid f 
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Greateiit artificial oold meaanred (Faraday) — 196^ F. 

Greatest natural oold observed by a " verified*^ ther- 
mometer (Sabine) MP 

Estimated temperature of the planetary Hpaccs 

(Fourier) 68© 

Mercury (quicksilver) freezes 89^ 

A mixture of equal parts of alcohol and water freezes 7^ 

Ice melts -f- Z29 

Greatest density of water 99'89 

Mean temperature at the equator 81-5^ 

Heat of human blood 98^ 

Highest natural temperature observed (of a hot wind 

in Upper E^^t. — ^Burkhardt) 117'8<* 

Alcohol boils 172-949 

Water bftils 2129 

Tin melts U29 

Lead melts 612o 

Mercury boils 660o 

Eed heat (Daniel) ftSO® 

Heat of a common fire (Daniel) 1141^ 

Brass melts 1869^ 

Silver melts 22880 

Cast-iron melts 8479^ 

68. Thermometers should never be suddenly plunged into 
very cold or very hot water, as the glass is liable to crack ; 
and the indications of thermometers bought at the shops or 
instrument-makers ought not to be trusted, unless they are 
at first carefully compared with some well-known standard 
instrument. The mercurial thermometer is capable of meas- 
uring accurately only about 600 degrees of heat ; tempera- 
tures higher than this are shown by instruments called 
pyrometers, which operate by the expansion and contraction 
of solid bodies. 



What preeaoUoosshonkl be observed in usiogtbemiometerBT In buying them? 
What is the limit of the indieatioos of the memnial thermometert How ara 
higher temperatures measured t 
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OF THE CHEMICAL ELEMENTS, AND THEIR 

COMPOUNDS. 

OXYGEN. 
Symbol O, eqmwaleni 8. 

60. This is the most imp<Hrtant of the elements. It is in 
some way concerned in nearly all chemical changes, and in 
most of thorn it takes a very prominent share. As we shall 
bo much in its company in the following pages, it will be 
well to make its acquamtanoe first. 

70. PfvjxTties. — ^The condition of oxygen is that of a gas ; 
that is, it resembles common air, which is a mixture of sev- 
eral gases. Some gases when exposed to great cold are 
brought down to the liquid, and even the solid state (168), 
and others arc condensed into liquids by pressure : but no 
degree of cold or pressure ever yet applied has been able to 
overcome or destroy the gaseous properties of oxygen ; chem- 
ical force alone can do this. Oxygen is transparent, colorless, 
tasteless, and inodorous, hke common ur ; it is about one- 
tenth heavier than that body, and possesses the same me- 
chanical properties. It acts ndther as an acid nor an al- 
kali, and is dissolved sparingly by water, 100 gallons ab- 
sorbing^ about 4^ of the gas. The term oxygen signifies 
acid-former. It was applied by Lavoisier, who supposed it 
to be the active principle of all acids, an opnion now known 
to be false. There is reason to beUeve that oxygen is capable 
of existing in two allotropic states (42), a pasave or quies- 
cent state, and an active condition, in whi(^ its affinities are 



What la aaid of oxygen ? 

In what state does oxygen exist ? What force akne can chai^ it inio a Hqnid 
or solid condition ? What aro ita propertiea ? What is the meaning of the tena 
oxygen? Why was tt so named t Whatisoaonef 
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greatly exalted. The ozone, discovered in the atmoAphere hj 
Prof. Schonbein, concerning which much has been taad^ m 
supposed to be the actiye form of oxygen. 

71. Preparation. — We prepare the purettt oxygen, and in 
the readiest way, from chlorate of potash. A \H)r\Mm of this 
salt is powdered, dried^ and mixed with alK>ut one-fourth it* 
weight of black oxide of manganese, or oxide of clipper, and 
heated in a flask, retort, or tube, over a spirit-lamp. The 
gas comes off copiously, and is collected m jani over water. 
The pneumatic trough, which is used for thk purpose, may 
he any convenient vessel, c<Hitaining a shelf, and holding suf- 
ficient water readily to fill a jar placed within it, which m 
then mverted and put upon the shelf. The water in the 
trough must cover the mouth oi the jar. The gas is deliv- 
ered by the tube at the open end of the jar, through which 
it rises, displacing the 
water, and gradually fill- 
ing the vessel. This ar- 
rangement is shown in 
Fig. 7. The oxide of 
manganese or copper is 
not in any way changed ; 
it acts by catalysis (31), 
promoting m a very high 
degree the decomposition 
of the chlorate. Chlo- 
rate id potash costs about one doUar per pound, and (me 
ounce will yield about two gallons of the gas. Oxygen may 
also be prepared by exposing a mixture of bichromate of 
potash and sulphuric aeid, or peroxide of manganese and 




How is para oocygen gat bert obtained? Wltai is a poemnatie troogh 7 How 
is the assfgaa eoDected? How does the mnngiiwse act in pvomottng doeompo- 
ritioo? 
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with odier sdbstanees. So vehement ki this actiao that fire 
is produced, and hence ozjgen is the great supporter uf com- 
hnstkni. All substances which bum in the air, bum io pure 
oxygen gas with greatlj increased brilliancy. An eztinguibb- 
ed candle plunged into it is instaiKjy relighted if the least 
spark of fire remain upon the wick. Iron wire bumb in it 
with vivid scintillations, and pho^horus with a light so bril- 
liant that the eyes cannot eaduie it In all these cases the 
light and heat are prodooed by the chemical union of the 
oxygen with the burning body, the weight of which is in- 
creased exactly in proportion to the amount of oxygen con- 
sumed. All the common cases of combustion which take 
place in the air are due to the aame cause — the combinatioo 
of its oxygen with oombustiUe sobsteneea. It here proceeds 
m a more subdued and regubied way, because atmospheric 
oxygen is diluted with four times its bulk of another gas» 
which if taken alone extinguishes fire altogether. 

*I5. JUunUnaHan. — ^Two conditions are necessary for 
illumination : a sufficiency high temperature, and the pres- 
ence of solid matter within the heated apace. Neither of 
these conditions alone answers the purpose. The burning of 
pure oxygen and hydrogen gases together produces intense 
heat, but is without sufiicient I^ht to be even visible in the 
daytime ; and a fire of charcoal which contains no gas, also 
yields very httle light. But if solid carbon be placed within 
the oxy-hydrogen flame, a brilliant illumination at once ensues. 
The elements d oil, tallow, wood, dec., with wUch oxygen 
unites m OTdmary bummg are chiefly hydrogen and carbon, 
the hydrogen it bums to water (90), and the carbon to car- 
Ixmicacid (167), both escaping away into the atmosphere. 



Wbattwoeondttloniflfe e«eiitfalCDr fflamloation? What is Hid of the boni- 
fa« of hjdro^en and eharooalT Bow en the oxj-hjdngen flame be made to 
give abrflUaafc Ughtt In the otdiMur bamiog of oil, fre^ what takea plaoe T , 
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16. The affinity of oxygen fcMT hydrogen is superior to its af- 
finity for carbon. It therefore sazes upcHi the hydrogen fiist, 
where it is present in sufficient quantify, burning it with the 
production of intense heat The solid carbon is at the same 
time set free, and its particles being heated to a luminous 
whiteness, produce the light which is emitted frcmi the flame. 
The luminous particles of carbon, floating forward as they 
are liberated to the surface of the flame, come in contact with 
atmospheric oxygen, and are there consumed. When the 
burning body contains both elements, but a disproportionate 
amount of carbon, as in spirits oi turpentine, more of it is set 
free than can be consumed by the oxygen, and the flame 
smokes. When the hydrogen is in excess, as with alcohdi, 
there is much heat, but little light, and no smoke ; when 
mingled, these liquids correct each other's defects, and form 
the basis of ** burning mixtures." 

11, Structure of Flame, — Common flame is not, as it ap- 
pears, a solid cone of fire, but a hollow luminous shell, as is 
shown by holding a piece of metallic wire gauze over the 
flame of a common lamp, Fig. 8. pig.a 

In the centre there appears a dark 
space, STUToimded by a ring of light. 
This dark central portion is constant- 
ly filled with gases, formed from the 
tallow or oil by heat, in precisely the 
same manner that they are distilled 
from coal and resin by the gas-manu- 
facturer. The inclosed gases generated at b. Fig. 9, canr 
not, of course, be burned up until they pass to the surface dl 

Why is the hydrogen burned first? What produces the Hght? When will 
flame smoke ? When will the light be deflcieut ? How are burning mixtoroi 
formed? 

How is common flamo shown to be hollow ? What is contained in 1h^i^ hollow 
space? What is said of the argand lamp? Why is the flame pointed f 




OOLTOEN. S7 

the flame at a, for want of oxygm. In argand pig. gi 
lamps the wick is circular and hollow, and a 
stream of air is admitted to the interior of the 
flame, which thns has a doable burning sur- 
face, A tall glass chimney is placed over the 
flame, which secures a strong upward current, 
and hence an abundant supply of oxygen to the 
flame. * The conical or pointed form of the flame 
IS caused by the rismg currents of heated air. 

IB. DespritK has shown that the heat evolved in all com- 
mon cases of combustion, depends upon the ({uantity of 
oxygen consumed, and not upon the amount of the combus- 
tible with which it imites. Thus a pound of oxygen com- 
Inning with hydrogen, charcoid, and alcohol, gives in each 
case very nearly the same quantity of heat ; each raising 20 
pounds of water from the freezing to the boiling point. The 
amount of heat produced by equal weights of different 
combustibles, combining with oxygen, he found to be as 
follows : 




1 pound of charcoal . . ndsod f^om 82^ to 212o, 78 lbs. of water. 
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of water ) 

« aloohdl .... 

*' oil or wax .... 

«' hydrogen .... 

The quantity of oxygen consumed in these cases varies 
greatly. 

79. Oxidation at Law Temperatures, — But the affinity of 

C7poii what does the faeatof eombustion depend? What !• the example oflbied T 
How maOi water doee 1 ib. of chareoalby onion with oxygen ralM from the fteea- 
ii4( to the boiling point? Of wood holding 30 per cent, of water ? Of alcohol ? 
OfoQorwax? Of hydrogen? 

Doee oxidation take place at low temperatores ? Does oxygen erer combine with 
bodieawlllioiittheprodDetlon of leiiaible heat? Is the heat piodooed the Mine, 
whether the iron is homed in oxygen gasor roslod in the air? 
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oxygen is exerted at low temperatures as well as at high ones ; 
its activity never ceases. It exists in a free state throughout 
the atmosphere which envelops the globe, and is in ccnistant 
contact with all forms of matter ; attacking every thing with 
which it is not already combined. This slow combustion, 
though unaccompanied by light, is always attended with 
heat, although it may not be in sufficint quantity to be meas- 
ured. An ounce of iron rusted in the air, or burnt in 
oxygen gas, produces exactly the same amount of heat in 
both cases ; the difference being, that in the former instance 
the heat is developed so slowly as to take years, while in the 
latter case the same effect is produced in as many minutes. 

80. The cause of decay in v^etable and animal substan- 
ces is the action of oxygen upon the elements of which they 
consist. They are oxidized, or undergo a slow combustion, 
called by Liebig eremtxcausis, which breaks them up into 
simpler and more permanent compounds. Oxidation is also 
the grand process by which air, earth, and sea are cleansed 
and purified from innumerable contaminations. Putrid va- 
pors and pestilential effluvia are destroyed by a process of 
burning, more slow, indeed, but as really as if it were done 
in a furnace. The offensive impurities which constantly pour 
into rivers, lakes, and oceans are perpetually oxidized by the 
dissolved gas, and the water is thus kept pure and sweet. 
This is the reason why waters that have become foul and 
putrid by absence of air, are sweetened and purified when 
freely exposed to its action. 

81. Jtelation of Oxygen to Life, — But the most interesting 
relations of oxygen are to the animal kingdom. It is the 
universal supporter of respiration ; and, as this is a vital pro- 
cess, it is a supporter of life. The lungs of land animals 

What is the oaose of decay? What is the great cause of poriilcattoa la air 
earth, and sea? How is this process eflbdod f 
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(565) and tiie gOb of fish (559) are boA adbfted to tJbe 
same pnrpoee — to abaorb cixjgem ; the <ne froaa the air, the 
other from water. An anmial confined m a given balk 
of air, having oonsomed ifta oxygen, dies. If oonfined in the 
same bulk of free oxygen, it fives aboot thrioe as long, and 
more than ten times as faA, A monse placed in a jar of oxy- 
gen breathes veiy quick, beoomes highly excited, and ^uiags 
about with thegreatest activity. Bat the efiect is too power- 
ful: over-action, fever, and in a short time death, are the result. 

82. The chemical action that here takes |^bce is ample oxi- 
datkm, tiie same that occurs in the open combustion of fuel, 
except in a less intense degree. The oxygen combines with 
the elem^its of the body, oiidtiing or burning them, and the 
products of the combustion pass from the tyttem by the 
various channels. Its action upon the fiving system is the 
same as upon dead matter, purely destmctive. It enten the 
lungs, is absorbed by the Uood, and earned to every part 
where blood-veasds are to be found. Evefj oigan, tissoe^ 
muscle, nerve, and membrane is wasted away, bunit to poi- 
sonous gases and ashes, and thrown fixim the system as 
dead and useless matter ; and if these constant losses are not 
repaired by the due suj^^ of food, emaciation ensues. The 
fJEkt hexBg most combustiUe, is burnt first; the muscles then 
soften, shiink, and deeay ; and lastly, the brain is attacked, 
dehrium results, and life ceases. This is called starvation : 
it is oxidation, absdnte buniing to death. 

83. Such is the rdation oi oxygen to all the animal races 
wliksh inhabit the earth. Its action is essentially and always 



Bow JM oKygMi wiiiled to the mi— I MngdomT IT ao aaiBul ii oonaMdtoa 

gtm bulk of air, what ranlltf inBtbeaaaMbalkoroxysBB 0H, whatcHMsT 

DeaerfbedMcflbelaorphwiiiKaaHNMiBajaroraiysBO. _^ 

WhaiiittaMta»ordMaeliimoroxysBaiB«hiacaiet How doM tt aAd the 

If KtKMlbaBoCtiAwtonpairflMWMKwhfltfaaowBr Whal,th«|li 
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destructive ; and yet it is the sustainer of life — ^the mainspring 
of all vital activity. But if this agent enshrouds the globe, 
and its office be thus only to bum and destroy, it may be 
asked why it does not speedily reduce all combustible things 
to ashes, and the earth to desolation. This question will be 
more properly answered when we come to the chemistry of 
light and vegetation (337). 

84. Oxidation a Source of Mechanical Power, — ^The chem- 
ical properties of oxygen are a source of power, which is 
made use of to produce the greatest mechanical effects. 
When we say that the affinities of oxygen are eneigetic, it is 
meant that, in combining with bodies, it gives rise to vast 
force. A bushel of coals properly consumed in a steam- 
en^e, produces a power sufficient to raise 70 millions of 
poimds weight a foot high (J. Hersohel). The origin of this 
prodigious force is the chemical union of almost 200 pounds 
of oxygen with the carbon of the coal. Oxidation, or the 
affinity of oxygen for the elements oi fuel, is thus the ulti- 
mate source of all steam power. Electric currents and the 
force of electro-magnetism are caused by the cx)mbination of 
oxygen with the metals of the galvanic battery ; and in pro- 
portion to the activity of this chenucal action is the intensity 
of the effect. In like manner, all muscular force in ATiimak 
is produced by the oxidation of carbon and hydrogai within the 
living system (582). Every stroke of the piston— every tele- 
graphic transmission— every motion of the hand — ^is an exhi- 
bition of force which began in chemical changes. Cut off the 
supply of oxygen, and the steam-engine comes to rest, the 
galvanic battery ceases to act, and the animal dies. 

Are the chemical properties of oxygen a sotiroe of power ? How iniich power ii 
produced by the combustion of a bush^ of coalB? What is the origin of thii 
force ? What, then, is the oltimate source of all steam-power ? To what an fhe 
fbroes of ^ectricity and electro-magnetism owing ? To what is maflcalar Ibna 
also doe ? Bemoye the oxygon, and what f<41owB ? 
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HYDBOOEN. 
Symbol H, tyuitaiaU 1. 

85. J'ropertia. — Hydrogen is a transparent, tasteless gas, 
the lightest of all bnovn substances, having about j'j^th the 
weight of common ur. When pure it is devoid of smell, al- 
though, as commonly prepared, it contiuns impurities, which 
give to it a disagreeable odor. Hydrogen is nerer found free 
m nature, but ezbts in water, constituting }th of its weight. 
It is an essential constituent of all organized substances, vege- 
table and animal, and is abundantly supplied to plants in 
water, which they possess the power of decomposing. From 
its extreme lightness, hydrogen is better fitted than any other 
substance to inflate balloons, though for thb purpose coal- 
gas, from its greater cheapness, is generally used. 

i6. Preparation. — It is best prepared by the action irf 



These are placed in 



dilute sulphuric acid upon bits of 
a bottle. Fig. 10, to which a cork is 
tightly fitted. The cork has two tubes 
mserted. The one for admitting the 
acid dips beneath the water ; the other 
leads to a pneumatic trough, where the 
gas is collected in tumblere or jivs, in 
the same manner as oxygen (71). In 
this case the mtc decomposes the water, 
and unites with lis oxygen, while the 
hydrcgen is set free and escapes. The 
Bulphurio acid dissolves the oxide of 
rinc as fast as it is formed — thus mtun- 
taming a clear metallic surface con- 



Wbitire Ihapropenin ofbjdragnf Whare li It tooiidt 
Bow ta II b«t prepvedl Biala Itae ctiuign Out take pUce. How an K Iw 
abtalnad (Km KcBnT How doMwMrui|illed to Uu *■)»&• IneiMBthahHtT 
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tinoally in contact with —...^.....e— ^===-=== 

the water. The diagram | fio^ ^ 

exhibits these changes. I Zn-^^^jP^^^^ 

The portions first collect- I go, ^""""^^ Znosor 

ed are not to be used, t==K=«B=a^^BB^M^B« 

as when mixed with air, hydrogen gas is always explo- 
sive. Hydrogen is also obtained by passing vapor of water 
(steam) through a red-hot gun-barrel, when the oxygen unites 
with the iron, and the hydrogen is set free. In the same 
manner, when a blacksmith sprinkles water upon his forge- 
fire, the red-hot coals decompose it, forming carbonic acid 
with its oxygen, while the liberated hydrogen bums with the 
production of increased heat (88). 

87. From its extreme tenuity, hydrogen passes through 
crevices and pores with greater facility than any other sub- 
stance. Dr. Faraday, in his attempts to liquefy it by pres- 
sure, found that it would leak and escape through apertures 
that were quite tight to other gases ; its atoms must tiierefore 
be comparatively much smaller. A bell rung in hydrogen 
is scarcely audible, and when breathed (which, without pre- 
caution, is a dangerous experiment) the voice becomes re- 
markably shrill. Although a gas, and the lightest of all 
bodies, hydrogen is inferred, from its chemical relationships, 
to be a metal. Its gaseous form is no objection to this idea, 
as metallic mercury takes the form of invisible vapor at com- 
mon temperatures, and other metals may be vaporized by heat. 

88. A burning body plunged into hydrogen is extin- 
guished ; it is, therefore, a non-supporter of combustion ; but, 
in contact with oxygen, it bums, emits a feeble blue light, 
and produces an intense degree of heat. The oxy-hydrogen 

What was the refnlt of Dr. Faraday^s attempts to liqnefy hydrogen T Wlial doei 
thiBproTeT Why is hydrogen gas inferred to be a metal? 
Does it support oombusttoo? What {ssaidoftheoxy-lqrdnwBao blow^pipeT Bow 
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blow-pipe is a contrivance for mmglmg a coDtinaous stream 
of these gases in an inflamed jet ; tiie light produced by this 
flame is faint, but the heat is very great. Substances that 
do not fuse in the hottest blnst-funiaces melt in this heat like 
wax. A small bit of lime of the size of a pea placed within 
the ozy-hydrogen jet glows with extraordinary intensity (75), 
producing what is called the Drummond light. This is the 
Hght made use of, as a substitute for the sun's rays, in the 
solar microscope; it is also employed in coast surveys f(n* 
night-signals. In one case the light emitted by the ball of 
lime was distinctly visible at a distance of 96 miles (2>. B. 
Reid), l%e healai^ power oi the oxy-hydrogen flame is ac- 
counted for by the fact that it is soUd, and not hollow like 
ordinary flame (77), and also that a larger amoimt of oxygen 
is condensed by union with hydrogen than with any other 
element (78). 

89. Soap-bubbles blown with hydrogen rise in the air, and 
may be set on fire with a candle. With a mixture of three 
parts air and one of hydrogen, when fired, they explode with 
a loud report ; if two parts of hydrogen is mixed with one of 
pure oxygen, the explosion is very violent and deafening. 

90. The term hydrogen signifies water-former. If a jet of 
hydrogen be set fire to, and a cold dry tumbler be held over 
the flame, the inside of the glass will be instantly covered 
with a film of dew, which rapidly increases, and at last con- 
denses into drops of water. In all cases where hydrogen is 
burned with oxygen, water is the product. 

is the DraminoDd light prodaeedf For what is M naedT How flu* has it been 
sem ? How is the heating power of the oxy^hydrogen flame aocounted for ? 

In what coo<tttion does hydrogen explode f 

What is the meaning of the term hydrogen ? Describe the experiment with the 
laaibler. 
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OXYGEN AND HYDEOGEN— WATER. 

HO =9 

91. Properties, — ^This substance, though familiar to all, 
possesses very remarkable properties, and should be care- 
fully studied. Water is composed of the two gases, oxy- 
gen and hydrogen, in the proportion by weight of 8 parts 
oxygen to one part hydrogen; or by measure, 1 part 
oxygen to 2 of hydrogen. When pure, it is a tasteless, 
inodorous hquid ; colorless in small quantities, but in large 
quantities of a splendid ultramarine blue, as when it forms 
lakes from the melting of Alpine glaciers, and as seen by 
Parry in the polar regions. It is the most abundant and 
widely dififused of all chemical compoimds. It readily as- 
sumes either the solid, liquid, or vaporous state ; and with 
equal facility becomes sweet, sour, salt, astringent, bitter, 
nauseous, or poisonous, as the substances which it dissolves 
possess any of these properties. The importance oi water, 
both in the laboratory of the chemist and of Nature, is due 
to this universal solvent power. 

92. Hydrates, — ^Water unites with acids and bases, form- 
ing a class of compounds called hydrates. These combina- 
tions are often attended with heat ; water combining with 
lime develops sufficient heat to ignite wood. Ships at sea 
have been fired by the accidental wetting of lime in their 
holds. This heat is caused by the passage of ihQ water 
from a liquid to a solid state. 

93. The Water- Atmosphere, — ^All natural water contains 
dissolved a certain amount of various gases, which may be 
expelled by boiling. It then has an insipid, disagreeable 

Why ihould water be carefally studied f Of what is it composed T In what 
proportions? What is its color T What is said of its solvent power? * 

What are hydrates ? What is said of the heat produced by these oombinattow? 
Row is it caused? What is said to be dissolved in all natural waten? What Is 
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taste ; but upon being exposed to the air a sufficient length 
of time, the gases are redisBolved, and the water r^ains its 
palatable flayer. Oxygen gas is thus absorbed to the ex- 
tent of about four per cent., and the respiratoiy apparatus 
of fish (branchea, or gills) is so arranged (559) that a cur- 
rent of water is constantly flowing in ccmtact with a network 
of delicate vascular membranes, by which the gas is im- 
bibed : hence, strictly speaking, aquatic as well as land ani- 
mals breathe air. On the summits of high mountains, where 
the dr is rarer and more attenuated, less oxygen is absorbed, 
and hence the lakes in the mountainous yaUeys of Switzer- 
land and the Andes are destitute of fish. — {Brande.) 

94. A small quantity of air dissolved in water greatly 
diminishes its power of dissolving other gases. If water, 
already saturated with one gas, be exposed to another, the 
second is absorbed only in proportion as the first escapes. 
The proportion of different gases taken up by pure water is 
very variable. Of ammonia it absorbs 780 times its bidk, 
of hydrochloric acid gas 480, and of carbonic acid an 
amount only equal to its own volume. Of olefiant gas it 
dissolves 12*5 per cent., and of nitrogen and hydrogen but 
1*6 per cent, of its volume. 

05. Constituents of Common Water, — ^Water which has 
fallen from the clouds as rain, in the country, away from 
cities and large towns, is the purest we meet with, being 
contaminated only with the gases which exist in air. But 
when filtering through the soil and crevices of the rocky 
strata, it dissolves various earthy salts, which, in many 
cases, modify its properties very much. Biver and creek 

tbefllfect<^boiIiiigf How much oxygen gas does water contain? Do fldi breatlie 
this gM f Why ve lakes on high mountains destitute of fish ? When water con- 
tains one gas and absorba another, what takes place? 

What is the pnrat water? How does it become impure? . What water contains 
most of these nNK? 

6* 
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ML Hsri Wmair. — ^Wiser doiiVB ks qoifitr of hardness 
fnm, tae umMtie ^ tbcK AB?jniif s dueAr salts of lime 
like ^anoBSe mad xpkatl. A ao^le gram of sul^iste 
«f 1^ viL ccKvczt ±0i}^> giiBS of soft mlo haid water. 
W^fmcanaKMfloapBpas rato hard water, instead of dissohr- 
k does m soft water, k cwrdles^ or is decomposed, 
sosp B ferwHd. which coBtainB fine instead of pot- 
ash or soda. This sevso^wiDBOl&BQlTeyand mayoAm 
be seem mpan the swr&ce in the fiom of a greasy- scun. It 
to whatever is washed in il, and gives that unpleasant 
CM diiedkinlDesB when we wash our hands. To test 
this qnairr of water. &Hihe a finle soap in alcohol, and place 
a few drops of k in the water which h is wished to ezamme. 
If k RmaiBs ckar, the water is pafectlT soft ; if it becomes 
maddj or <^Mqiie, the water is lanked as hard. 

97. Mawd Water for Kitd^ok {Tsf. — Hard water is a mnch 
less perfect solrent than soft water ; that is, being already 
paitiallT satoFsted, it dissolres additional substances but im- 
pafectlr. It is theref<»e inferior to it for all domestic uses, 
as tea md coffee making, where solution is to be effected. 

98. /<ff EfecU at a Drimk. — The use of hard water as a 
drink is unfavorable in dyspeptic affections. — (Pcmra.) The 
bad effects of hard water upon the animal syston are also 
seen in the horse. *' Hard water drawn fresh from the well 
will assuredly make the coat of a horse unaccustomed to it 
stare, and it will not unfinequently gripe and otherwise in- 
jure him." — {Tauait.) 

To wbai doeswater owe itshardneaB? What is the eflbci when BiMip is paltalo 
bard water? Bow may we test thia qoaUtj f 
Why is haid water infiorior tosoA fcr domestio pnrpoaesr 
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99. Sea- Water. — The solid constitoeiits of sea- water 
anioont to about 3^ per cent, of its weight, or nearly half an 
ounce to the poond. Its saltness may be considered as a 
necessary result of the present order of things. RiTcrs 
which are constantly flowing into the ocean contain salts 
▼arying in amount from 10 to 50 and even 100 grains per 
gallon. They are chiefly conmion salt» sulphate and car- 
bonate of lime, magneda, soda, potash, and iron ; and these 
are found to be the main constituents of sea- water. The 
water which evaporates from the sea is nearly pure, con- 
taining but Teiy minute traces of salts. Falling as rain 
upon the land it washes the scnl, percolates through the 
rocky layers, and becomes charged with saline substances 
which are borne seaward by the returning currents. The 
ocean, iheref(»«, is the great depository of every thing thai 
water can dissolve and carry down from the surface of the 
continents ; and as there is no channel for their escape, they 
of course constantly accumulate. 

100. The continuance of this process for numberless ages 
must inevitably have produced a highly saline condition of 
the ocean. " The case of the sea is but a magnified repre- 
sentation oi what occurs in every lake into which rivers flow, 
but from which there is no outlet except by evaporation. 
Such a lake is invariably a salt lake. It is impossible that 
it can be otherwise ; and it is curious to observe that this 
condition disappears when an artificial outlet is produced 
for the waters." — (Faumes.) 

101. The waters of the Dead Sea are much more salt 
than those of the ocean. It is situated at the bottom of an 



What propoiiloa of wrfid matter is cootained in ae»-wat» ? From whence is it 
derived? What are these salts dileflyf Why do these salts aoeomulate in the 
seaT What is the condition of lakes that hare no outlet hot by eyaporatioii? 
What is the efltet or craatii« an artificial outlet T 

Whit ia BBid of the Dead 8oaT 
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immense basm or valley several hundred feet lower than the 
Mediterranean Sea, and has no outlet. The streams of water 
which flow into it do not raise its level, in consequence of 
excessive evaporation. Its condition is well described by a 
recent traveller. "When bathing in its waters I floated 
upon the suiface like a log of wood, without stirring hand 
or foot. With much exertion I could dive sufficiently deep 
to cover all my body, when I was thrown out again to the 
s\irface, in spite of all my efforts to descend lower. On 
coming out of the water, I found my body covered over with 
an incrustation of salt the thickness of a sixpence." 

102. Mineral Waters, — ^These are such as contain saline 
substances in the largest proportion. Those which abound 
in the salts of iron (carbonates and sulphates of iron) are 
called chalybeate or femiginous waters. If the waters are 
brisk and sparkling, carbonic acid gas is present, and they 
are called carbonated or acidulous waters. If the active in- 
gredient be sulphur, the spring is termed sulphurous. If 
the odor of decayed eggs, or the scourings of a foul gun- 
barrel is exhaled, the waters are charged with sulphuretted 
hydrogen. The water of the celebrated Congress Spring, 
at Saratoga, contains, according to Allen's analysis, the fol- 
lowing ingredients in a gallon : 

Chloride of Bodiom 890,246 grs. 

Hydriodate of soda and bromide of potasBium 6,000 " 

Carbonate of soda 9,218 " 

Carbonate of magncBia 100,941 " 

Carbonate of lime 108,416 " 

Carbonate of iron 1,000 " 

Silex andalnmina 1,086 *' 

Total solid contents 611,852 gt%. 



What are chalybeate watera T What are adduloua ? Whatsulphmow? What 
are the main ooiMtitiieDts of OongreeB water T 
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Carbonic acid 886,188 grs. 

Atmospherio air 8,261 ** 

Total gaseous contents 889,449 grs 

103. Organic Impurities in Water. — All natural waters, 
eyen those which fall from the clouds according to Liehig, 
contain traces of decomposing organic matters in yariable 
quantity. To this they owe the quality of becoming putrid 
when kept. In many cases, it is present in such quantity as 
to injure health, derange the bowels, and often produce vio- 
lent dysentery. Stagnant waters, abounding in putrescent 
matter, contain nimiberless minute animals (animalcula), 
which are sometimes exhibited by means of the solar micro- 
scope ; they are not found in the waters commonly used for 
drink. 

104. Purification of Water, — ^The best method of purify- 
mg water is by distillation (64). This is effected by passing 
the steam from one vessel into another, which, being kept 
cool, condenses it : to render it perfectly pure, it must be 
redistilled at a low temperature in silver vessels. By filtra- 
tion through sand, or other closely porous media, water may 
be depriv^ of suspended impurities, and of all living beings. 
Boiling kills all animals and vegetables, expels the gases, and 
precipitates carbonate of lime, which constitutes the fur or 
crust often seen lining tea-kettles and boilers. Alum (two 
or three grains to the quart) cleanses turbid or muddy water. 
The alum is decomposed by carbonate of lime, and the alu- 
mina set free, carries down the impurities mechanically; but 
the sulphuric acid of the alum, combining with the lime, 
forms sulphate of lime, and makes the water harder than 

VHMt is said of tbeoiKaiilo matters contaiiied in water? Does common drinkiiig 

water ffp nta*" animalcula ? 

Howie water bertporified? Wliat Is the effect of filtration f OfbdlingY Of 
ahmf Of the alkalies potash and soda* 
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before. The alkalies, potash or soda, soften water. They 
decompose and precipitate the earthy salts, leaving in solu- 
tion an alkaline salt, which does not harden it. 

105. Effect (^Leaden Veuels upon Water, — ^Water some- 
times becomes poisonous by contact with lead, as when lead 
pipes, cisterns, roofs, gutters, &c,, are used. The purer the 
water, the more liable it is to become impregnated with lead, 
as the presence of earthy salts in solution exerts a protecting 
influence. Spring and well waters are, therefore, less liable 
to this contamination than rain-water, which is purer. Water 
which tarnishes polished lead, when left at rest upon it in a 
glass vessel for a few hours, or which contains less than about 
•g^^ifth its weight of i^ts in solution, cannot be safely trans- 
mitted through lead pipes without certain precautions. The 
best remedy, where there is danger, is to leave the pipes full 
of water at rest for three or four months, or to substitute for 
the water a weak solution of phosphate of soda. — ( Christuon) 

106. Necessity of Water to Organized Beings, — ^To the or- 
ganic kingdom water is an agent of the first necessity, as its 
abundance and scarcity regulate the distribution of animals 
and plants over the globe. Its properties seem to mark out 
the plan of animated nature. From the highest animal, to 
the meanest vegetable that can grow on a bare rock, this 
ingredient is absolutely required. It is an essential constit- 
uent of all parts of living bodies, formmg upwards of one- 
half the weight of all newly gathered vegetable substances 
cultivated by man. 



Is pure or impure water most liable to bec(Hne poisoned by contact with lead? 
How can we determine whether lead will be acted on by water T What is the 
best remedy where there is danger ? 

What is said of the importance of water to the organic kingdom? 

Iq what two states does water exist in oiiganic bodies? 
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107. Water exists in most organized bodies in two separate 
states. In one it may be regarded as an essential portion of 
the substance, as of sugar or starch in their dryest state (349), 
from which it cannot be separated without breaking up the 
compound. In the other state, it is associated with bodies 
so loosely that it may be removed by drying. The quantity 

that may be thus separated from various articles of diet, 

without injury to the compound, is as follows : Wheat 14*5 
per cent., rye 16*6, oats 20*8, barley 13*2, Indian com 18, 
peas 16, beans 14*11, potatoes 75*9, turnips 92*5, carrots. 
S'/'O, beet-root 87*8, white cabbage 92*3, blood 80, muscle 
of beef 74, of veal 75, of mutton 71, of pork 76, of chicken 
73, trout 80*5 per cent. — (Pereira,) 

108. Both gases and the mineral elements of soils enter 
the roots of plants dissolved in water. As sap, this water 
circulates through the various organs, carrying and deposit- 
ing the newly formed substances, yielding up its own ele- 
ments, and ministering perpetually to the growth of the 
plant. 

109. In animal systems the use of water is equally im- 
portant (495). It is the natural drink of all adults, being 
the liquid employed in the body to dissolve and distribute 
the food. Eighty per cent, of the blood {lAehig) and 
seventy-four per cent, of flesh (Brande) consist of water; 
while, to repsur the constant waste and loss from the system, 
an adult man requires about three-fourths of a ton per year 
{Draper). The softness, pliancy, and symmetrical fulness 
of the animal body, is produced by the liquids of which it is 
chiefly composed. The tendency of flesh or fresh meat to 
putrefaction, is caused by the large quantity of watery 

flow much does a raaa oonmme annually? What giyes Bymmeiry and ttitaem 
to the aaiinal fbrm? How does water cause pntreraction in flesh? How to it 
ebeclMd? 
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juices it conUuns. As solotioa favors chemical action (29), 
putrefactive changes readily set in ; hut are checked if the 
flesh he dried, as is often done for the preservation of meats. 

110. Under ordinary circumstances, water freezes at 32^ 
and boils at 212° ; it retains its liquid condition, therefore, 
through a range of 180° ; and, as in this state only it can 
exist in animals and plants, these limits mark the thermal 
conditions upon which hving beings can continue on the 
earth. 

111. A cuIhc inch of water fcMrms very nearly a cubic 
foot of steam. Water occupies the smallest space, or is 
most dense at 39*83^ F. ; if its temperature varies from 
this point, in ^ther direction, it expands in bulk; this is 
called the point of maximum density of water. In freezing, 
water expands very much, and exerts so great a force as to 
burst the strongest vessels in which it is contained. It is 
thus that the surface oi the hardest rocks is crumbled down 
into soil fit for the support oi vegetable life ; the water, per- 
colating into minute crevices and fissures in summer, freezes 
in winter, and expands with a force which breaks the solid 
stone. 

112. Snow does not quench thirst, but rather increases it; 
and the natives of the arctic regions " prefer enduring the 
utmost extremity of this feeling, rather than attempt to 
remove it by the eating of snow." — {Capt, lioss.) 

113. The specific gravity of ice is 092 (SilUman); it 
therefore floats upon the surface of water. If it sank as 
fast as it is formed, whole bodies of water would be con- 



Within what limits does water maintain its humidity ? What relation has this 
property of water to life? 

A cubic inch of water forms how much steam T At what temperature is it most 
donset Does water expand in flreezing? At what temperature is Umort dense? 
How does this property of water afbct rocks? 

WhatlsthespecillogmTityoflce? If It were heavier than wrter, whid wooM 



NTTBOOBir. 78 

verted into solid ice. During freezing the substances dis- 
solved in water are expelled, bence tbe ice of sea-water (as 
is well known to sailors), wben melted, forms frcsb water. 
Water from melted snow, for tbe same reason, conUuns no 
air or gas ; hence fisb cannot live in it (Pereira), One impe- 
rial gallon of water weighs 70,000 grains, or just ten pounds. 
The American standard gallon holds 58,372 American Troy 
grains of pure distilled water, at tbe maximum density. 
One cubic inch weighs 252*458 grains, which is 815 times 
as much as an equal bulk of atmospheric air (Silliman). 
A cubic foot of water weighs very nearly 1000 ounces avoir- 
dupois (998*2 oz. Brande), 

DEUTOXIDE OF HYDROGEN. 
H Oj = 17. 

114. This curious compound is formed by chemists, with 
difficulty, by adding to water another equivalent of oxygen. 
It is a syrupy liquid, of a disagreeable odor, a nauseous, 
bitter, astringent taste, and is not frozen by intense cold. It 
is easily decomposed, often with an explosion, and sometimes 
with a flash of light. As yet, it is of no use. 

NITROGEN (Azote), 
Symbol N, equivalent 14. 

115. Properties and Sources. — Nitrogen is a perma- 
nently elastic gas, destitute of either taste, smell, or color ; 
slightly lighter than the air, and remarkable for its negative 



betheranlt? Whatisaaidoftheiceofsefirwaterf Of water flrom melted snow T 
What is the weight of a ganon of water? Of acnbicindi? Acabiclbot? 
What ia the compoiritioii of deotozide of hydrogen? Its properties? Uses? 

7 
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nitrogen gases, of which Uie mr is chiefly composed, are 
not chemically united with each other, but only mixed to- 
gether mechanically. If we mingle them in a vessel in the 
same proportions, we get an artificial air, having the same 
properties as the natural air. This uniform intermingling oi 
the gaseous elements is brought about by what is called the 
law of gaseous diffusion. Its operation may be thus shown : 
two vessels are to be placed one above the other, p|^ ^^ 
and connected by a narrow tube of any convenient 
length (Fig. 15). The lower vessel may be filled 
with carbonic acid gas, and the upper vessel with 
hydrogen gas. After a short time the carbonic acid, 
although twenty times heavier than the hydrogen, 
will be found to have ascended into the upper ves- 
sel; while hydrogen will have descended into the 
lower one, — a complete intermixture of the two gases 
in equal proportions having taken place against the action 
of gravity. 

137. This effect will be produced even though a barrier, 
as a membrane of India-rubber, intervene. The force with 
which gases thus diffuse into each other is very great. 
Dr. Draper has proved that sulphuretted hydrogen will dif- 
fuse into atmospheric air, though resisted by a pressure of 
fifty atmospheres, equal to the weight of a colunm of water 
more than 1500 feet in height. In like manner, all gases 
possess the power of diffusing into each other, although at 
different rates of velocity, depending upon their density : 
the lighter the gas, the more rapid is the diffusion. 

138. This principle is of the utmost importance in rela- 
tion to the air, because if either of its constituent elements 
were to separate from the mass, the extinction of life would 

Whatis Mdd of the fbroe with which gaaes dtAno into each other? 
Why is this prindiple of the graatflit impofflnoe T 

8 
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less perfectly than oxygen, and combines directly with the 
metals, forming a class of bodies called chlorides. It is 
fomid abmidantly in nature, existing in conmion salt to the 
amomit of 65 per cent, in union with sodium. Chlorine is 
best prepared by the action of three parts of hydrochloric 
acid upon 1 part of black oxide of manganese, in a flask, by 
the aid of heat. The 
decomposition may be 
traced in the accompa- 
nying diagram. It may 
be collected in the pneu- 
matic trough oyer hot water or strong brine, but is absorbed 
by cold water. It may also be collected by carrying the 
tube to the bottom of an open vessel ; 
the chlorine rises and expels or dis- 
places the air (Fig. 16). 

148. Bleaching Properties of Chlo- 
rine. — It is easily dissolved in cold 
water, and in this state exerts a re- 
markable bleaching power over vegeta- 
ble colors. It is principally used in 
bleaching cotton cloth and paper. The 
bleaching-powder of commerce is chloride of lime. Chlorine 
is also a powerful disinfectant, and is used to destroy the bad 
effluvia of sick rooms ; but in these cases it requires to be 
used with caution, as it is excessively irritating to the lungs. 
Its bleaching and disinfecting properties are due to its strong 
affinity for hydrogen, which it takes away from coloring and 
putrescent substances, thus decomposing them entirely. 




What is chlorine ? What are its properties ? Where is it foimd ? How ob- 
tained ? How may it be collected ? Explain the changes. 

How does chlorine aflbct vegetable colors? To what othemse is it applied t To 
what does it owe its bleaching and diaiubctaat propertiesf 
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144. Humboldt discoTered that chlorine possesses the 
power of quickening the gennination of seeds. Old seeds, 
which could he made to grow by no other process, germi- 
nated promptly when steeped in a weak solution of chlorine 
in water. Chlorine is said, when respired in very minute 
quantity, to alleviate the symptoi0i of consumption. It is 
also stated that workmen employed in bleaching establish- 
ments, and other places where chlorine is used, are less liable 
to this disease than others. 

HYDROCHLORIC ACID (CMarohydrie Acid, Muriatic Acid). 

H CI = 86-5. 

145. When hydrogen and chlorine gases are mixed in the 
dark, they do not unite; but exposed to diffused daylight, 
they gradually unite, and if to direct simshine they combine 
explo^vely, forming hydrochloric acid, which is a transpa- 
rent, colorless gas, having intense acid properties. It is usu- 
ally prepared by adding oil of vitriol to common salt, and 
submitting the mixture to 
the action of heat. Its 
ordinary form is a liquid 
solution, as it very freely 
dissolves in water. Salts 
formed from it are called muriates, or hydrochlorates. This 
acid exists in the gastric juice, and assists in dissolving the 
food. 
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For what othflr purpoaes baa diloriiie been naedt 

What ia bydrochlorie add, and how ia it fonnedt What are ita afllta oalled? 
Where ia it fomidt 
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FLUORINK 
Symbol F, equivalent 18*70. 

146. Fluorine exists combined with calcium, as fluoride of 
calcium, or fluor spar. Li this state it is a minute ingredient 
of bones, especially of the enamel of the teeth. It has never 
yet been separated, but is supposed somewhat to resemble 
oxygen in its properties, as it does not form a compound with 
it. Fluorine combines with hydrogen, forming hydrofluoric 
acid, which is remarkable for its property of corroding glass; 

IODINE. 
Symbol 1, equivalent 126*86. 

147. Iodine is a grayish-black sohd, of a metallic appear- 
ance, resembling black-lead. It is obtained chiefly by leach- 
ing the ashes of sea-weed (kelp), but it sometimes occurs in 
the waters of springs. It dissolves freely in alcohol, but. very 
sparingly in water, has a smell similar to chlorine, and com- 
bines with starch, forming a deep blue compound (iodide of 
starch). It stsdns the skin brown, and yields a fine purple 
vapor when heated. If a polished silver plate is held over 
this vapor, it first becomes of a yellow color, then violet, then 
of a deep blue, owing to the combination of the iodine with 
the silver. The iodide of silver thus formed is decomposed 
by light. The daguerreotype process depends upon this 
principle. 



VIHiat is said of fluorine ? 

What is iodine? How is it obtained ? What are its properties T WhaiisiQid 
of its vapors? 
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BROMINE. 
Symbol Br, equivalent 78*26. 

148. Bromine is a heavy, brownish-red liquid, of a suffo- 
cating odor, and is derived, like iodine, from the sea. Both 
iodine and bromine combine with metals, like chlorine, foim- 
ing iodides and bromides. They also unite with hydrogen, 
forming acids — ^the hydriodic and hydrobromic acids. Iodine 
and bromine are also used medicinally in the treatment of 
scrofula and for dispelling tumors. 

CARBON. 
Symbol C, equivcdent 6. 

149. This important substance is familiarly known as char- 
coal. It is widely diffused in nature, and is the soUdifjdng 
element of all living structures. By casting the eye upon 
the Chart, we see at once that it belongs chiefly to the or- 
ganized kingdom, constituting about one-half the weight of 
dry vegetable and animal substances. Carbon exists m sev- 
eral allotropic forms (42), displaying properties remarkably 
different in each case. 

150. The Diamond, — ^This is the purest state of carbon. 
It is a crystal, having the figure of two pyramids applied 
base to base. The diamond is the hardest substance known, 
and can only be wrought, or cut, by rubbing one against an- 
other, or by the use of diamond dust. Diamonds are ground 
or cut, usually, into two forms, by means of diamond powder 
worked with olive oil upon a wheel of soft steel. The rose 
diarrumd is cut into a hemispherical form, but rises to a point. 

What te bromine ? For what is it used? 

What is carbon ? What faeX does a glance at the Chart oommtmicate concerning 
carbon? 
What is the diamond t How are diamonds cat? Whycatthns? What is the 
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and has twenty-four flat, triangular faces (facets); these 
facets reflect the light, and give the gem a glittering appear- 
ance. The brilliant is cut with a flat face, or table, upoa 
the top, surrounded with facets ; it has the finest efiect, but 
requires the sacrifice of a larger portion of the gem. A bril- 
liant-cut diamond is esteemed equal in value to a rough one 
of twice the weight, besides the cost of working it. Dia- 
monds arc of various colors, but the most valuable are color- 
less and limpid. The snow-white, transparent diamond, is 
said to be of the first water. 

151. Value of Diamonds. — ^Diamonds are sold by the 
carat, a carat being equal to four grains. — ( Ure.) They in- 
crease in value not in proportion to their weight, but in pro- 
portion to the square of their weight. Thus, the value of 
three diamonds weighing 1, 2, and 3 carats, is as 1, 4, and 9. 
The average value of wrought diamonds weighing one carat 
IS $40 (Brande) ; one of two carats will be valued at tl60 ; 
three carats, $360 ; 100 carats, $400,000. 

152. The largest known diamond is probably that called 
the ITooh-i-noor (mountain of light), of the East Indies. It 
was discovered in the mines of Golconda just 300 years ago. 
When rough it is said to have weighed 900 carats. It is of 
the rose form, and was reduced to 2*79 carats by cutting. It 
has caused several wars, and has been six times violently 
wrested from its possessors. The British have at last seized 
it, and transferred it to England, that the benighted pagans 
may stop quarrelling about it ( ! ). It has never been sold, 
but $10,000,000 is talked of as the price, equal to about 
seventeen tons of gold. 



fbrmof the roee diamond? What of the brilliant? What are diamondB of the 
JbntwaUrl 

How are diamonds sold ? What determines their valuo ? 

'Whai ta the histocy of the Koob-t-noorf 



CABBON. 98 

153. Uses of the Diamond, — From its extreme hardness, 
Qie diamond is used for cutting glass, for drilling apertures 
throogli other gems, for the pivot-holes of delicate watch- 
work, also to form the holes through which extremely fine 
irire is drawn. It refracts light powerfully, and has been 
wed for the lenses of microscopes. The diamond is very 
difficult of combustion, but may be burned in pure oxygen 
gas. Pepys sealed up a diamond in a piece of pure soft iron, 
and exposed it for some time to an intense heat ; when ex- 
amined, the diamond had disappeared, and the iron was con- 
verted into steel, which is composed of carbon and iron. The 
diamond is thus known to be pure carbon. 

154. Plumbago, Graphite, or Black-Lead. — ^This is another 
form oi carbon, having a metalline appearance, and contain- 
ing a small proportion of iron. It resists quite a high degree 
of heat, and is used to make crucibles. It is also used for 
marking on paper, being sawn into slices and fitted into the 
grooves of cedar pencils, or rounded for ever-pointed pencils. 
It is also employed to relieve the friction of machinery, in- 
stead of oil or grease ; also for giving lustre to iron, as stove- 
blacking. In this form it is often adulterated with 50 per 
cent, of lamp-black, which may be detected by exposing the 
suspected article for some time to a cherry-red heat, in the 
open air. The lamp-black will bum away, and its amoimt 
may be determined by the loss of weight. 

155. Another variety of carbon is lamp-black. It is the 
soot deposited from the flame of pitchy or tarry combus- 
tibles. It is usually made by burning the refuse rosin left 
by the distillation of turpentine. The smoke is conducted 

For what is the diamond used? Is it oombustible? How is it proved to be 
pore carbcMi ? 

What is plambago? What are its uses? What is said of stoye-blacking? 
Bow is the cheat detected? 

What is lamp-black? How is it made? For what is it used? 
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through loDg horizontal flues, terminating in chambers hung 
with old sacking, upon which the lamp-black is deposited. 
It is used for making printers* ink and black paint. 

156. CkarcocU is that species of carbon which is produced 
by burning vegetable or animal substances out of contact 
with the air. Every one knows it is a black, inodorous, 
insipid, insoluble, brittle substance, applied to numeroos 
uses. Common charcoal is made by piling billets of wood 
together in a conical heap, covering it with earth, and burn- 
ing the mass slowly, with but a partial access of air. By 
the usual process of coal-burning in forests, about 18 per 
cent, of the weight of the wood is obtained ( Ure), although 
the amount varies greatly. 

157. Charcoal seems to be soft ; but if the fine powder, 
in small quantity, be rubbed between plates of glass, it is 
found that the little particles are very hard, and able to scratch 
the glass almost as easily as the diamond itself. — {Norton.) 

158. Charcoal as Fud, — Charcoal is very combustible, 
and is extensively used for fuel. When pure, it bums with- 
out flame, although it usually contains water, which, during 
the combustion, is partially decomposed into carburetted 
hydrogen, which bums with a slight flame. A cubic foot of 
charcoal from soft wood weighs, upon an average, from eight 
to nine pounds; and from hard wood, twelve to thirteen 
pounds. Hence the hard- wood coal is best adapted to pro- 
duce a high heat in a small space. Yet equal weights of the 
diflerent charcoals yield equal quantities of heat. Upon an 
average, a pound of dry charcoal will heat 73 pounds of 
water from the freezing to the boiling point.— ( Ure,) 

What is charcoal ? What are its properties? How isit made? What ptf cent 
of charcoal is obtained flrom a given weight of wood by this prooeas ? 

What is stated concerning the hardness of charcoal ? 

To what is the slight flame sometimes seen upon burning charcoal doe ? What 
is its weight ? Upon what does the Taloe of charcoal, as fUel, depend ? 
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169. Charcoal very indestructible, — Charcoal is a very un- 
changeable substance, as it is not afifected at common tem- 
peratures by air or moisture. The beams of the theatre at 
Herculaneum were converted into charcoal 1700 years ago, 
when that city was overwhelmed with lava, and remain as 
entire as if they had been charred but yesterday. Wooden 
stakes or piles are rendei-ed more durable by charring upon 
the surface, before driving them into the ground. Most of 
the houses in Yenice stand upon piles or stakes, the extremi- 
ties of which are charred for their better preservation. 
Oaken stakes have been recently found in the bed of the 
Thames River, where they are supposed to have been driven 
at the time of the invasion of Julius Caesar. They were 
charred to a considerable depth, and were firm at the heart. 

160. Absorbent Property of Charcoal, — Charcoal possesses, 
in a remarkable degree, the power of absorbing different 
gases, and condensing them within its pores. It will absorb 
90 times its bulk of ammonia, 35 times its bulk of carbonic 
acid, of oxygen 9 times, and of nitrogen 7 times its bulk 
{Satissure). When charcoal already saturated with one gas 
is put mto another, it gives out a portion of the gas already 
absorbed, and takes up a portion of the new gas. Recently 
burned charcoal imbibes watery vapor from the air very 
greedily. By a week's exposure to the atmosphere, it thus 
increases in weight from 10 to 20 per cent. This property 
of absorption varies with different kinds of charcoal. It is 
possessed in a higher degree by those containing the most 
pores, that is, where the pores are finer, and in a lower 
degree by the more loose and spongy sorts. *' A cubic inch 



What it the efltet of surfitoeHdiaiTiDg upon the darabUity of wood ? Examples. 

What property does charcoal poeseaa to a remarkable degree ? What kind of 
diaitxMd is the meet absorptive ? What extent of internal surface has a cubic inch 
ofdiaitxwIT Where are the gases oond^ised ? 
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of charcoal," says liebig, " must have, at the least compu- 
tatioD, a surface of 100 square feet." It is upon this interior 
pore-surface that the gases are condensed, and in proportion 
to its extent is the quantity absorbed. 

161. Other sij^tances besides charcoal, in fact all solids, 
porous or otherwise, are supposed to possess, in various de- 
grees, this power of condensing gases upon their surfaces. 
The black powder of platinum absorbs 800 times its bulk 
of oxygen gas. The gas in this case must be condensed al- 
most to the condition of a liquid. If now a jet of hydrogen 
is projected upon the platinum, it unites with the oxygen, 
heat is hberated, water formed, and the metal becomes red- 
hot. Faraday has lately shown that the porous condition 
of the platinum is not necessary, as a similar effect may be 
produced by a clean bright slip of the metaL 

162. Preservative Power of Charcoal, — Connected with 
this property is the power which charcoal possesses of re- 
moving offensive odors and checking putrefaction. It is 
a powerful antiseptic. Charcoal-powder, newly prepared, 
when rubbed upon tainted meat, restores it to sweetness. 
By charring the inside of casks, water may be kept in 
them a long time without spoiling. Yegetable substances 
ccmtaining much water, as potatoes, are more completely 
preserved by the aid of a quantity of charcoal. The bad 
odor sometimes acquired by clothes is removed by wrapping 
them with charcoal. Filters are constructed for purifying 
water, by passing it through layers of charcoal of different 
degrees of fineness. 

168. Bone-hlacJc. — The charcoal from bones is called hone- 
hUuk or ivory-black, and is of course loaded with mineral 



Do oUmt BflbnUntTfi poeseas this power ? 

What ta ilaled of the antiaeptic or preservative properties of dii^rcoal ? In what 
Wi7 it M «Bd Iw thia pmpose ? 
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latter (phosphate of lime) ; but for clarifying purposes, it 
i superior to wood charcoal. It is extensively used in sugar 
efining to discharge tbe color of the raw article. Vinegars, 
wines, and syrups are also decolorized by the same agent. 
Payen has recently shown that this power of the charcoals 
iepends upon the more or less complete state of subdivision 
Bmong their particles, and that animal charcoal is superior 
to vegetable only because its mineral matter serves to keep 
the carbon particles further apart. The beneficial use of 
charcoal upon soils, and in the manufacture of artificial 
mantire {Potidrette), is explained by this property of absorp- 
tion. 

164. Other Uses. — Charcoal is also used for making gun- 
powder and fireworks, and, being a bad conductor of heat, 
for casing iron steam-pipes. Some varieties contain silex 
(sand), and are used for polishing metals. Charcoal is of 
great value in separating metals from their oxides in the 
smelting furnace, as, at a high temperature, it has a power- 
ful affinity for oxygen. 

165. Coke. — ^This is a black, porous mass left after heat- 
ing pit coal with the air excluded, as is done in iron retorts 
for the manufacture of illuminating gas (177). It ignites 
with difficulty, but is capable of producing, by its combus- 
tion, a higher temperature than any other fuel, bulk for bulk. 
Spanish black is the charcoal of cork. Black crayons are 
made from the charcoal of the willow. 

166. Source of the Carbon of Plants. — ^Plants derive their 
carbon from carbonic acid, most of which they absorb from 



What is bone-black ? For what is it employed? Wby is this saperior to vege- 
table charcoal ? 
Mention some other uses of charcoal. 
What is coke ? Its properties T What is Spanish black T 
Whence do plants derive their carbon t What was formerly sappoaed oonoem- 

iOffitf 

9 
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168. Solid Carbonic Acid, — ^Under a pressure of 36 at- 
mospheres (upwards of 500 pounds on the square mch), 
carbonic acid shrinks into a colorless liquid of sp. gr. 0'8d, 
at 32°. When this pressure is suddenly remored from the 
liquid acid, it expands into a gas with such rapidity, that one 
portion absorbing heat from the other, freezes it into a white, 
filamentous solid. This solid carbonic acid, when dissolved 
in ether and evaporated, produces the most intense cold 
known (67). 

169. Sources of Carbonic Acid. — Carbonic acid is pro- 
duced very abimdantly in nature. The burning of fuel 
(which always contains carbon) in the open ur yields it in 
Vast quantities. The combustion of a bushel of charcoal 
produces 2500 gallons of this gas. It is also form^ed within 
the bodies of all animals, by the union of atmospheric oxygen 
with the carbon contained in the system, and escapes through 
the lungs, by respiration, into the air. Each adult man ex- 
hales about 140 gallons per day. — (Davy,) Its quantity va- 
ries at different times, being greatest after a meal, and least 
during sleep and fasting. Children exhale more carbonic 
add, in proportion to their weight, than adults. About 4 
per cent, of the inspired oxygen is converted into carbonic 
acid at each respiration; and the bulk of carbonic acid 
formed is exactly equal to that of the oxygen consumed in 
producing it. 

170. The test of carbonic acid is clear lime-water, which 
it turns milky, by forming insoluble carbonate of lime. To 
prove that it is produced both by combustion and respira- 
tion, invert an empty jar over a burning candle for a short 

What preesnre converts it into a liquid ? How is this liquid ftozen ? 

Mention some of its sources in nature. How much does an adult man exhale 
daily ? What per cent, of the inspired air is changed to carbonic acid ? 

Whatis the tent of carbonic add t Howisitproyedthatitisprodiioedbottiby 
oombnstioa and reqrfration ? 
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METALS EMPLOYED IN THE ARTS. 

IRON. {Latin, Ferrum,) 
Symbol Fe, eqmvaleni 28. 

225. Were we to seek for that circumstance wlucli might 
best illustrate the peculiarities of ancient and modem M- 
zation, we should perhaps find it in the history of this metal 
The ancients, imbued with a martial spirit and passion for 
conquest, regarded iron as the Sjrmbol c^ war, and gaye it 
the emblem of Mars. And if it were required also to sym- 
bolize the pacific tendencies of modem society — ^its triumphs 
of industry and victories of mind over matter, its artistic 
achievements and scientific discoveries — ^we should be com- 
pelled to make use of the same metal, iron. As gold and 
jewels have long been the type of ignorant and empty pomp, 
so iron may now be well regarded as the emblem of benefi- 
cent and intelligent mdustry. 

226. Uses of Iron, — Iron, in some of its innumerable 
forms, ministers to the benefit of all. The implements of the 
miner, the farmer, the carpenter, the mason, the smith, the 
shipwright, are made of iron, and with iron. Roads of iron, 
travelled by " iron steeds," which drag whole townships after 
them, and outstrip the birds, have become our conmionest 
highways. Ponderous iron ships are afloat upon the ocean, 
with massive iron engines to propel them ; iron anchors to 
stay them in storms ; iron needles to guide them ; and 
springs of iron in chronometers, by which they measure the 
time. Ink, pens, and printing-presses, by which knowledge 
is scattered over the world, are alike made of iron. It 
warms us in our apartments ; relieves our jolts in the car- 
riage ; ministers to our ailments in the chalybeate mineral 

How did the ancients regard iron? Of what may it now beoome the symbol? 
Enumerate some of the uses that are made of iron. 
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'^^tere, or the medicinal dose ; it gives variety of color to 
^>ocks and soils, nourishment to vegetation, and vigor to the 
l>lood of man. Such are the powers of a substance which 
chemists extract from an otherwise worthless stone. 

227. Properties of Iron. — Iron is of a grayish-white color, 
and of a perfect lustre when polished. It may be thrown 
into many conditions, in which it exhibits remarkaUy differ- 
ent properties. It is malleable, as in bar or wrought iron ; 
and may be forged into any form imder the hammer. It is 
very ductile, and may be drawn out into the finest wire, 
whbh is extremely tenacious (tough) ; an iron wire ^ of an 
inch in diameter bearii^ a weight of sixty poimds. 

228. Welding of Iron, — When wrought-iron is heated to 
whiteness, it becomes soft, pasty, and adhesive, and two 
pieces in this condition may be incorporated or hammered 
t(^ther into one. This is called welding. During the 
heating, a film of oxide is formed upon the surface of the 
metal, which would obstruct the ready cohesion of the sep- 
arate masses. To prevent this, the smith sprinkles a little 
sand upon the hot iron, which combines with the oxide, 
forming a fusible silicate of iron, which is easily forced out 
by pressure, leaving clean surfaces that unite without difBi- 
culty. This important quality is enjoyed only by iron, pla- 
tinum, and sodium. All the other metals pass suddenly 
from the solid to the liquid state at their respective melting 
points, as ice is changed to water. 

229. Wrought and Cast Iron, — ^Wrought-iron possesses 
what is called a fhrotis texture; that is, it seems to consist 
of compacted threads, running parallel to each other like the 
fibres of flax. Another state of the metal is cast-iron, which. 

What te the appearance of iron ? Name tome of the conditions it may aaaome. 

Wliat is weldi^s ? Have all metals this property ? 

What to the texture or wioi«hMroD? Whatof caatriroof What to nid oT the 
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iron is exposed to moist lur, it soon becomes covered witli a 
red crust, which is the sesquioxide of iron, Fei O^ ; it is also 
called the peroxide. This oxide gFaduallj- absorbs water, 
tarns of a yellowish color, and forms rust, which is hjdrated 
peroxide of iron. These colors are well shown in bricks» 
which before burning are of a yellow color, owing to the 
hydrated peroxide of iron in the clav. Heat expels tiie 
water from the peroxide, which colors the bricks red. 

:240. These compounds of iron are the most abundant ox- 
ides in nature, existing in numerous stones, rocks, and soils, and 
are the cause of their red and yellow colors. Protoxide of iron, 
Fe O, cannot be produced iq a separate state, as it attracts 
oxygen and rapidly passes into the peroxide. In a state of 
combination it is widely diffusod in nature, existing chiefly in 
those rocks haying a greenish or dark tint. The iron in min- 
eral waters (chalybeate springs) usually rises to the surface 
in the form of a protoxide ; after a brief exposure to the air 
more oxygen is absorbed, and a reddish scum is formed upon 
the surflBce, which gradually falls to the bottom of the current 
as a reddish sediment of insoluble peroxide. 

241. When iron is heated in the smith's forge, and then 
beat on the an\il, a scale flies off* which is of a black color, 
and when crushed giyes a black powder: this is the black 
Oixide, and is supposed to be a combination of the two other 
oxides* Fe O + Fe, 0,. Gallic acid, with Fe, 0„ gives a 
Uack precipitate (wridng-ink) ; chlorine water and oxalic 
acid remove it. 

242. Iron rusts rapidly in water containing air (oxygen), 



Whalglvm to brick their yvDowooiorbeiDratMiiig burned f AMiy are they red 
■av tkiV ■« boraed ? 

Wtet to nU of the ebnndenoe of these oxides? Why cannot the protoxide of 
koi be e^ly pMshiH in a separate state? Of what to the reddiah sediment iu 



WkMtoltekoiiMeof toon? Wbal to Ink oomposed of t 
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or the slightest trace of acidity. But in water which has 
been deprived of air by boiling, or rendered alkaline by lime, 
ammonia, potash, or soda, it is not rusted, but retains its polish 
for years. — (Brande.) Galvanized iron is made by dipping 
iron, the surface of which has been cleaned, into a bath of 
melted zinc, and then into another of melted tin. The coating 
thus given prevents rust. When cast-iron, as cannon, for ex- 
ample, has been long buried in the sea, it becomes hghter, and 
is changed into a substance resembling black-lead. The iron 
in this case has probably been dissolved by chlorine from the 
sea-salt. Cast-iron is rendered malleable by heating it for a 
considerable time with iron scales or oxide. It is -thrown 
into the market under the name of malleable iron. 



MANGANESK 
Symbol Md, eqmvalent 27*67. 

243. Manganese is a hard, brittle metal, of a grayish- white 
appearance, much like cast-iron. It never occurs pure in 
nature, but its oxides are found combined with many ores of 
iron, a metal which it resembles in many of its properties. 
Manganese is prepared by making its oxide into a paste with 
oil and lamp-black, and heating it to whiteness in a covered 
crucible. It rapidly oxidizes when exposed to the air, and 
is best preserved in naphtha. 

244. It forms no less than seven different compounds with 
oxygen. Its oxides are diffused in small quantities through 
nearly all soils, and traces of them may be detected in the 
ashes of most plants. Protoxide of manganese is of a pale- 
green color, is a powerful base, ^ving rise to rose-colored 



Hew is galvanized iron made? What is said of iron long buried in the sea? 
How is cast-iron rendered malleable? 
What is manganese ? What metal does it resemble ? How is it prepared ? 
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barometers, thermometers, mirrors, <&c. When heated m 
to its boiling point, and exposed to the action of air, it 
sorbs oxygen, and is converted into the peroxide of merci 
(red oxide), which, when heated, evolves oxygen, and is re^^ 
duced to a metallic state. It was from this source that 
Priestley first obtained oxygen gas. Mercury combines with 
chlorine in two proportions, forming the protochloride oS 
mercury, Hg CI (calomel), and the bichloride, Hg CI, (cor- 
rosive sublimate). The latter has a disagreeable, acrid, me- 
tallic taste, and is very poisonous. The proper antidote is 
white of egg, which forms with it an insoluble, inert com- 
pound. 

SILVER. {Laiin, Argenimn.) 
Symbol Ag, equivalent 108. 

253. Silver occurs native, both uncombined and as a sul- 
phuret and chloride. It is the whitest of the metals, and 
has a bright, beautiful lustre. It is very malleable and duc- 
tile. It may be extended into leaves not exceeding joioo 
of an inch in thickness, and one grain may be drawn out 
into 400 feet of wire. It is used chiefly for coinage and 
silver plate. Silver does not tarnish in air or water. It 
forms compounds with oxygen, sulphur, chlorine, iodine, and 
bromine, all of which are darkened by the action of light, a 
property which is made use of in the daguerreotype process. 

PLATINIJM. 
Symbol Pt, equivdleiU 98*68. 

254. This very valuable metal is of a whitish-gray color, 
somewhat resembling silver. When pure, it scarcely yields 

For what is merciuy used ? What is the oomposition of calomel ? What is the 
composition of corrosive sublimate? 
Describe ralver. What is said of its compounds 7 
What are the qualities of platinum ? 
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^ malleability to gol4 and silver. It is very ductile, and 
a good polish. But the qualities which render it so 
ful, and in some cases indispensable to the chemist, are 
Ia extreme difficulty of fusion, being unaffected by any fur- 
Mee heat, and the perfect manner with which it resists the 
K<etion of almost all acids. It is acted on by chlorine and 
■Iqoa regia, but less easily than gold, and is not affected by air. 
^latiniun is about half as valuable as gold. Sp. gr. 22*5. 

GOLD. {Latin, Aurwn,) 
Symbol Au, eguivtUent 98'8S. 

2^5. This is one of the most widely diffused of the metals, 
being found native in every country, generally in the form of 
xuinute grains, though sometimes in masses weighing several 
pounds. It has a brilliant yellow color and great density. 
It is so very malleable that it may be extended into leaves 
' aaa ' ^^oo ^^ ^^ ^^^^ ^ thickness, and so ductile that a 
single grain may be drawn mto 500 feet of wire. It does 
not tarnish or oxidize when exposed to the air or heat, is af- 
fected by no single acid, and dissolved only by aqua regia 
(124). Its specific gravity is 19*2. 

METALS COMBINED WITH EACH OTHER— ALLOYS. 

256. Metals combine with metals to form alloys — an im- 
portant class of bodies, as each compound thus produced 
may be looked upon, for all practical purposes, as a new 
metal. * 

257. Brdss is an alloy of copper and zinc : four parts of 
the former to three of the latter. When the proportion of 
zinc is increased we have pinchbeck, or Dutch gold. 

Wbat is said of gold? What are its properties? 
What are alioys ? How may they be considered ? 
Whatisbnus? Pinchbeck? 
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258. German silver is an aHoy of copper, ane, and nieUlv^ ^ 
the finer kinds containing most nickel. Bronze oonsistB tv ^ 
00 parts of copper to 10 of tin ; gun-metal, 92 coppCTtol l^^'^ 
of tin ; bell-metal Biiidi gong-metal of 80 parts of copper to H 
of tin. Britannia consists of about 100 parts of tin, 8 of » 
timony, 2 of bismuth, and 2 of copper. 

259. The speculum of Lord Rosse's celebrated telescope 
is composed of 126*4 of copper to 58*9 of tin. 

260. Type-metal is an alloy of 3 parts of lead and 1 o( 
antimony. Pewter is composed of tm, with a little antimony, | t^ 
copper, and bismuth. The inferior kinds contain a good deal 
of lead. 

261. Alloys which contain mercury are called amo^omi. 
An amalgam of tin is used for silvering the backs of minora; 
and an amalgam of tin and zinc for exciting electrical mn- 
chines. Gold and silver coin is alloyed with from ^ to 
^ of copper, by which its hardness and wearing quality 
is greatly improved. 



SALTS. 

2G2. Salts arc combinations of acids with bases (49). 
They are a very numerous class of bodies. We can here notice 
but few of them, and those very briefly. The common idea 
of a salt is that it must have a saline taste, like ordinary 
kitchen salt, and dissolve in water ; but this notion is erro- 
neous, as many salts have no taste at all, and are insoluble in 
any quantity of water, either cold or hot. There are two 
ways of classifying or grouping the salts — either by placing 

What is German silver ? Bell-metal? fironze? Britannia? 
Type-metal ? Pewter ? 
What are amalgams ? What is said of coin ? 

What is a salt? What is the common idea of a salt? How Is this wrong? 
How are the salts classified ? 
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those which have a common acid, or those which 
a common hase. I have adopted the arrangement of 
Gregory, and classed together those derived from a 
^^BBunon acid. The salts contain variable proportions of 
"filter, which are represented upon the Chart by the usual 
^TZiibolic letters (H 0), instead of diagrams. 




SULPHATES. 

PROTOSTJLPHATE OP IRON. (Copperaa, Green VitHol.) 
Fe 0, S Oi + 7 H 0.—{SUliman,). 

263. This salt, composed of sulphuric acid and protoxide 
of iron, isrtargely manufactured at Stafford, Vt., by the de- 
composition of iron pyrites, which furnishes, by oxidation, 
both the acid and the base (see Chart). It is used for dye- 
ing dark colors, for making ink, and in medicine as a tonic 
in nervous diseases, and where the blood is supposed to be 
deficient in iron. It often exists in soils to a pernicious ex- 
tent, but is decomposed by lime ; gypsum or plaster being 
formed. 

SULPHATE OF LIME. {Plaster of Pans, Gypsum, Alabaster.) 
OaO,S08+2HO = 86. Sp. gr. 2-3.— {GTroAam.) 

264. This salt is easily made artificially, by dropping sul- 
phuric acid upon lime. It occurs in many parts of the 
world, forming extensive rocky beds. It is so soft as to be 
scratched with the nail. The white varieties are turned in 
lathes, and worked with edge tools into various ornamental 

What is the oompoeitloD of protoBolphate of iron ? For what is it used ? 

What is the composition of sulphate of lime ? What are its common names ? 
Where is it fonnd? What is alabaster? What property adapts it for taking 
CMtof What is Btnoco-work 7 
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ganic acids (463), wliich are converted into carbonic acid by 
burning. It is usually more abundant in herbs than in 
shrubs, trees, or the grains, and abounds in the bark, twigs, 
and leaves, more than in the solid wood. 

CARBONATE OF LIME. {Limestone, MarbU) 
Ca O, Co, = 50 ; Bp. gr. 2*9.— (O^roAom.) 

270. Vast deposits of this salt are distributed all over 
the globe, in the form of limestones, marbles, chalks, marls, 
coral reefs, shells, &c. Carbonate of lime dissolves in water, 
containing free carbonic acid ; hence the well and spring 
water of lime districts becomes impregnated with it» and is 
hard. When the hardness of water is due to this cause, it 
may be softened by the addition of lime-water, which neutral- 
izes the excess of carbonic acid, and all the carbonate is pre- 
cipitated. 

277. Animal Origin of Limestone. — ^Numerous and ex- 
tensive as are the limestone deposits, it is conjectured that 
they are all of animal origin. The densest hmestone and the 
softest chalk are found to consist of the aggregated skele- 
tons or shells of myriads of tribes of the lower animals, 
which have existed in some former period of the world's 
history. — (Kane.) The formation of coral reefs, which are 
sea-islands of carbonate of lime, built up from the depths of 
the ocean by minute aquatic animals, is an example of ^mi- 
lar deposits now in process of formation. 

What is the compositioii and equivalent nomber for carbonate of lime ? Wben 
the hardness of water is owing to the presence of this sabstaooe) bow may it be 
Boftened? 

What is said of ito origin f 
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CARBONATE OF AMMONIA— N H, C 0, + H =48 ; 

OS, 

JAUBONATE OF OXIDE OF AMMONIUM— N H4 0, C Of = 48. 

278. When organic substances containing nitrogen, as 
flesh, and the liquid excretions of animals, decay or putrefy, 
carbonic acid and ammonia, an acid and a base, are simul- 
taneously set free. These unite, and escape into the air as 
carbonate of ammonia. The elements of this salt are both 
gases, and the salt itself is a gas ; but the alkali is so much 
stronger than the acid, that the compound still retains pun- 
gent alkaline properties. It was formerly procured by dis- 
tilling the horns of harts ; hence it was called Spirits of 
Hartshorn. The base of this salt is supposed not to be 
really ammonia, but an oxide of a peculiar compound, N H^ 
termed ammonium. It has not been obtained separate, but 
is said to form an amalgam with mercury. According to 
this view, carbonate of ammonia becomes carbonate of oxide 
of ammonium, and muriate of ammonia chloride of ammonium. 

HYDROOHLORATE OF AMMONIA {Sal Ammaniae, Muriate of 

Ammoni€L) 

NH,HCl = 68-6. 
Oe, CHLORIDE OF AMMONIUM. NH4CL 

279. Ammonia, saturated with muriatic acid and crys- 
tallized, forms an inodorous salt, sal ammoniac. It is used 
m soldering, to cleanse metallic surfaces, the muriatic acid 
^tissolving the coat of oxide. Mixed with lime, which de- 



What is the equivalent for carbonate of ammonia ? How is it produced 7 Why 
was it caUed q>irit8 of hart8h<mi ? What is ammoniam ? 
Whal it the compoiitloa of sal ammoniac? Forwhat ia it uaed ? 

13* 
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salt, while the meat is sud to be equally savory and notn- 
tious. 

871. White syrup is the thick, oil-like solution of sugar 
in water. If this is set by, and allowed slowly to evapcmUe, 
the sugar gradually deposits itself (crystallizes) in the form 
of sugar-candy. The liquid sugar of honey is thus, after a 
time, deposited as a granular solid, forming candied hooe^. 
Candied sweetmeats are produced in the same way. When 
sufficiently heated, sugar becomes brown, loses its sweet 
taste, and acquires Uttemess. In this state it is called earo- 
mel, or humt suyar. When dissolved in water, it is used to 
color soups and saucesy and also various liquors. 

OP THE ALBUMINOUS CJOMPOUNDS. 

372. Thdr Similarity of Composition, — ^The bodies we 
have just been studying are associated in plants with an- 
other class ci substances, less abundant, but equally impor- 
tant — ^the albuminous or nitrogeniaed compounds. They 
3onsist of the four organic elements, carbon, hydrogen, oxy- 
gen, and nitrog^i (hence called quaternary compounii), 
together with a small quantity of sulphur and phosphoms, 
although it is too minute to be determined in atomic propor- 
tions ; for this reason these substances are not represented 
upon the Chart This group consists of albumen, gluten or 
vegetable fibrine, and caseine, all having the same chemical 
composition (C« H» Om Ne). — (lAebig.) It has hitherto beai 
assumed that these compounds contain, as basis, a con\mon 
principle called proteine, hence they have been called pro- 

What is white tjmp f How are candied honey and candied sweetmeats pro- 
duced? What la caramel ? For what la it used? 

What are the albomtnoaa compoonda composed off Why aie not the ralphar 
and phoephoma represented upon the Chart ? 
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idnacemu compounds ; but recent researches have rendered 
it doubtful if such a principle can be obtained. 

873. Vegetable Albumen, — ^When the water which has 
been used to wash starch from wheat flour or rasped pota- 
toes is allowed to stand until it becomes clear, and then 
bdledy it assumes a turbid appearance, and deposits a flaky, 
white substance, known as vegetable albumen. This sub- 
stance is identical in composition and properties with white 
of eggs, and is named albumen from albus, white. When 
dried it forms a brittle, yellow, gummy mass. It dissolves 
in cold water, forming a glairy, tasteless, and nearly colorless 
fluid; but if heated to 160° it coagulates, that is, becomes 
soUd, and will not again dissolve in water, either cold or hot. 
Liquid albumen is not only coagulated by heat, but also by 
alcohol, creosote, and corrosive sublimate. It is also coag- 
ulated by most acids, with which it unites as a base, form- 
ing definite compoimds. Coagulated albumen is dissolved 
by the alkalies, towards which it acts as an acid, combining 
with and neutralizing them. Boiled eggs furnish a familiar 
example of coagulated albumen. 

874. Albumen easilg putrefies, — ^A most remarkable prop- 
erty of albumen is its instabihty, or tendency to decompo- 
sition. This is due to the complexity of its composition 
(816), as it consists of six elem^pts and a large number of 
atoms (C4g Hm O^ Nq + S P), and also to the fickle nature of 
its nitrogen (115). Dissolved in water, and at common tem- 
peratures, it is speedily broken up, and runs into putrefac- 
tion ; this property is destroyed by coagulation. Decay m 
the starch group gives rise only to carbonic acid and water ; 
but in albumen, in addition to these, hydrogen combmes 



How is vegetable albumen obtained ? Whence does it derive its name ? Wbu 

■re its properties? By what agencies is it coagulated f How do alkalies affect it? 

Why ia albmnen so unstable ? What are the products of decay in this group ? 
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peculiar acids, which emit a disagreeable odor. This change 
appears to result principally from minute quantities of mtro- 
gcnized organic tissues, which rem^ diffused Uirough the 
fats. The rancidity of oleaginous bodies may be in a great 
nicjisure removed by boiling them with water and a little 
magnesia, until it has lost the property of reddening litmus. 

424. How Unctuous Oils are Purified, — ^As the drying 
oils are purified by oxide of lead, so the same change is pro- 
duced in unctuous oils by sulphuric acid. We have seen 
(189) that this acid possesses the property of charring or- 
ganic substances, but it does not act with equal energy upon 
all. When added to oil, it first attacks its nitrogenized and 
mucilaginous impurities : these are decomposed and precipi- 
tated. When just sufficient acid is used to effect this object, 
the mucilage cdone is charred ; if too much, the oil itself is 
decomposed. 

425. Olive Oil, or Sweet Oil. — ^This oil is obtained by 
pressure from the fleshy or pulpy part of the fruit of the 
olive-tree. The finest kind is of a yellowish color, has a thm 
consistence, a slight odor, an agreeable taste, and when swal- 
lowed leaves a very slight sense of acrimony in the throat 
When pure it has less tendency to change than almost any 
other of the fat oils, but the inferior qualities soon become 
rancid. It contains 72 per cent, of oleine and 28 of marga- 
rine, the latter of which congeals in cold weather. Being 
less apt than most other oils to thicken by exposure to air, it 
is preferred for greasing delicate machinery, especially watch 
and clock work. It is used at table as a condiment for 
salads, and is hence termed salad oil. In Spain it is used as 



What aro tho unctuoiis oils? For what are they asedf What is rancid oU? 
What causes the change ? How may it be removed ? 
What is the effect of sulphuric acid upon the unctaons oils? 
How is cUve oil obtained? What are its propertlet? FbrwhattoitiMd? 
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a substitute for butter. Taken in large quantities, it acts as 
a mild laxative. 

426. Palm Oil is a solid butter-like oil, of an orange- 
ydlow color, obtained by pressure from the fruit of the palm- 
txee. It is readily blanched by heat, or the joint action of 
air, light, and moisture, and also by chlorine. It contains 70 
per cent, of oleine and 30 of stearine, and is used in the man- 
u£eu^ture of soap and candles. Oil of almonds is expressed 
from sweet almonds ; also from bitter almonds by cold pres- 
sure, as if heat is employed the oil contains prussic acid. 
It is mmnly used in liniments, ointments, and soap. Unctu- 
ous oils are also obtained from rape-seed, beech-nuts, hazel- 
nuts, and the stones of fruits. 

ANIMAL FATS. 

427. These are contained in the bodies of animals, in 
what is termed cellular tissue or adipose inenibrane. They 
are obtained by a heat sufficient to liquefy the fat, and burst 
the including cell, or sack. The more solid portion of the 
fiit (stearine) forms a layer next to the inner surface of the 
cell-membrane, the softer part (oleine) being inclosed with- 
in. Fat forms about one-twentieth the weight of a healthy 
animal. 

428. Mutton Tallow, — ^This is a very white and solid fat. 
It has Uttle odor when fresh, but acquires a peculiar, rancid 
smell, when exposed for some time to mr. 

429. Beef TcUlow is of a yellowish- white color, firm, and 
jTields 75 per cent, of stearine to 25 of oleine. 

430. Neat's-foot OH is obtamed from the feet of oxen, by 



What is palm oil? What is aaid of the oil of almonds? 

In what part of animals is the fiU deposited? How ia it obtained? 

What isMdd of mimaii tallow? Beeftallowt 

10 
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Indeed, the maintenance of animal life is only possible by 
tlic perpetual waste and destruction of the organism by 
which it is manifested. In the passage of constituent par- 
ticles from the living to the dead state, consbts the life and 
power of the individual. Were this process of dying by 
atoms, in a measured and regulated way, suddenly to cease, 
the death of the whole system would be the consequence. 
It is usually said that dead animal matter is marked by its 
necessary tendency to decay, while the living body is dis- 
tinguishcd by its power of reMting decay. But so far is 
this from being true, that the very opposite is the fact The 
fixed condition of the continuance of .life in an animal is the 
decomposition which all its parts constantly suflfer, while 
dead animal matter may be preserved, it is well known, for 
almost any length of time unchanged. Meat, by partially 
cooking and sealing up free from air, may be kept sweet 
evon in the moist state for years. Cold also arrests decay. 
In Russia, animals are long kept in the market in a frozen 
state, and their flesh, when thawed, is as good as ever. 

492. Reparative Pouxrof the Living Being, — But in one 
very important respect the living mechanism differs from 
the inanimate machine ; the latter has no ability to repair 
the destruction it suffers by use. There is no inherent 
power in a watch or a steam-engine to restore its wasted 
parts ; action goes forward until checked by loss of sub- 
stmce and consequent derangement, when the combination is 
handed over to the mechanic for reconstruction. The living 
body, on the contrar}% is endowed with a capacity of self- 
renovation. It can repair its failing tissues, and counteract 
its own constant tendency to ruin. The process by which 
this renewal takos place is called nutrition, and the sub- 
stances employed to carry it on constitute yboc^ or nutriment. 

In what respect does the Jiving body diflbr ftom tiie *«— »<"iTitt w>**i»tp^ < 
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By means of food, therefore, the living organism can com- 
pensate the rapid expenditm^ of its own substance, restore 
its losses, and maintain its power. 

493. Supply of Matter to the Plant. — ^This process of 
nutrition is accomplished by different methods in the two 
great departments of organic life. The plant is fixed to one 
spot, and has no power of changing its locality. Its roots 
penetrate the soil to a limited distance, and its leaves are 
spread through the air. Within this narrow space it finds 
the elements necessary to its growth. Water, with mineral 
salts, and gases extracted from the earth and atmosphere, 
constitute its food. If these happen to abound, the plant 
exhibits a condition of high activity, a rapid and luxuriant 
growth ; if this supply is deficient, development is corre- 
spondingly feeble and imperfect. The simple object of the 
plant is to ffrow, and form various proximate substances. It 
is hence found in immediate connection with the sources of 
its nourishment, and there remains throughout the whole 
term of its life. 

494. Mode in which Animals are supplied with Matter. — 
The case is different with animals, especially the higher 
classes. They are organized for the accomplishment of 
other purposes besides bare vegetative development, and the 
nutritive operations are so carried on as not to interfere with 
the higher functions. Having the power of locomotion, by 
which it is capable of moving from place to place, the ani- 
mal is supplied with a cavity (stomach), into which it receives 
a store of food sufficient to last it for a considerable time, in- 
dependent of a supply from any external sources. From this 
cavity the system is gradually supplied with nutritive mat- 
To what conditioDB is tho plant confined ? 

How do the conditiona of nutrition in animals diflbr from those of plmbi} 
What oonstitates a ftiodamental distinction between animals and planbi? 
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ter (peTspiration) is poured out and e\Tiporated, thus carrying 
away the surplus heat from the body. The amount of fluid 
which escapes from the skin, as insensible pfrspiration^ is 
estimated at 1 1 grains, and that from the hmgs seven grains 
per minute. The power which men have exhibited of en- 
during excessive heat, for a short time, is due to the increased 
activity of surface-evaporation. 

681. Office of the lAver, — If more respiratory food is taken 
mto the system than is consumed by respiration or deposited 
as fat, it is separated from the blood by the liver. A special 
channel {portal circulation) carries the venous blood through 
this organ, where its surplus hydro-carbon {fatty matter, 
bile) is strained out. If too much work is thrown upon the 
liver it becomes disordered, and the substtmces which it 
should draw off accumulate in the blood, producing various 
symptoms, generally known as bilioua. This is quite liable 
to happen in warm climates, when the elevation of the ex- 
ternal temperature, combined with the want of sufficient ex- 
ercise to stimulate respiration, leaves the non-nitrogenized 
elements of food unconsumed in the system. A similar disor- 
dered condition of the liver sometimes results from a diseased 
state of the lungs, by which they are rendered incapable of 
furnishing the due amount of oxygen for the combustion of 
the respiratoiy food. The office of both lungs and liver is 
to relieve the blood of excessive carbon : their functions are 
thus complementary ; that is, when the action of one increases, 
the other diminishes. It is observed that, throughout the 
whole animal series, the development and activity of the res- 
piratory organs stands in an inverse proportion to that of the 



adapted for this procem ? What is the amount of insensible perspiration ? How 
have men been enabled to endure excessive heat for a short time? 

What is the office of the liver ? How are bilious symptoms produced ? Where 
■n tb0y the moat fl«queut? VVThst other oaate •ometimM produces diMMt ot 
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with carbonic acid, which is formed at tlie same time, but 
not in such a way as to produce carbonate of nmmrmia, which 
would also be injuriously corrosive. Instead of this acrid 
salt, nature with admirable care produces an inert and per- 
fectly harmless compound, known as urea. The composition 
of this substance is C| H4 0| Nt, which, it is seen, would form 
earbonate of ammonia by the addition of two atoms of water. 
The same process of oxidation which gives birth to the elements 
of urea, also forms sulphuric acid (from the sulphur contained 
in the muscular tissues), which is neutralized by alkalies, and 
separated, together with urea, from the arterial blood by the 
kidneys. The amount of sulphates thus formed may be taken 
as a measure of the waste of the muscular tissues, and conse- 
quently of the degree to which they have been exercised. 

594. Nature of the Renal Excretion, — ^The kidneys are 
devoted to the excretion of all those waste matters of the 
system which are soluble in water ; eleven-twelfths of the 
mtrogen is estimated to pass out by this route in the form 
of urea, together with most of the salts, both earthy and al- 
kaline, which have taken part in the vital processes. When 
more nitrogenized food is consumed than is required to sup- 
ply the waste of the tissues, the surplus is carried off by the 
kidneys, which are thus made to perform more than their 
proper duty, and often become diseased. About 7 per cent. 
of solid matters may be separated from the urine, 3 of which 
are urea. A very small proportion of an albimiinous sub- 
stance is also present, which, when exposed to the air, 
speedily ferments and communicates its action to urea, 
which is changed to carbonate of ammonia by the addition 
irf two atoms of water, giving rise to two atoms of the car- 
bonate from one of urea. The liquid excretions of animals. 



Of what do the renal excretionB consist? V^y are tbeir prodaots supposed (o 
be tevy Mrrloeable in the growth of plants? 
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